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PREFACE 


Ts book is an amplification of the Middlemore Essay for 1920 on “ Perimetry 
(inclusive of Scotometry), Its Methods and Its Value to the Ophthalmic Surgeon.” | 
It does not attempt to deal exhaustively with perimetry, but only to introduce the | 
reader to its essential principles considered in their clinical aspect. “ig 

The presentation of the subject has, therefore, been limited to what the clinician 
is likely to find useful. Incursions into the more academic aspects of visual response 
have been reduced to the lowest limit compatible with providing some kind of explana- 
tion for clinical findings. 

In dealing with the methods of field testing, I have endeavoured to describe and 
explain a simple procedure which the experience of others as well as myself has shown 
to be both easy and satisfactory.. No attempt has been made to review the numerous 
variations of method or of apparatus, often elaborate and costly, which have been 
advocated from time to time, not from any desire to depreciate their value, but 
because part of the object of this work is to urge that success in perimetry, as in many 
other forms of subjective examination, will not be attained by the use of the “ best ” 
or the “ newest ” instrument, but by the study and application of simplespkinciples. 

The procedure described is that known as the quantitative method of pégtagtyy which | 

is essentially the method of Bjerrum, who discovered, more than t years ago, | 

that he could obtain more information by using the back of his c ng-room door 

than he could from the ordinary perimeter. Originally dire 

glaucoma, the prineiple of Bjerrum’s method has been N pplied by Roenne, 

at the present time the chief exponent of quantitative etry, who has demon- 
„ strated its advantages in the examination of all conten) vhich perimetry is use- 
= ful, and who introduced the term “ quantitative ie icate its analytical nature. 


412, 943423 Tee 


* This form of field testing was introduced to En speaking ophthalmologists in 
1890 by Berry, who had previously himself beepyvoPKing along the same lines. Since 
then the quantitative method has been fur eveloped, and its value, both as a 
means of diagnosis and of research, is bec increasingly appreciated. 

P5 Not less essential than adequate N atıon is the correct interpretation of the 

results obtained. In this connection natomy of the visual path, the importance 

, of which to the perimetrist can Eps overestimated, has been emphasised, and 

& gome reference has been made to pathological conditions with a view to correlating 


these factors with alteratio unction and assigning a rational significance to field 
changes. On these lines I attempted to discuss the genesis of field changes and 


the indications which» NM ord. IE 
; In estimating ificance of alterations in the fields; especially in relation to 
© diagnosis, ae n laid throughout on the necessity of considering such changes 
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as part only of the evidence upon which conclusions are to be based, though at the 
same time, in order to avoid unduly enlarging the scope of the book, references to 
ophthalmoscopic and other signs have been almost entirely omitted. 

Some of the fields illustrated have been designed to indicate the various degrees 
of visual acuity by differential shading, so that each field resembles a map of a mountain. 
The bulk of the illustrations are from my own collection ; a few have been borrowed 
from other sources. 

My thanks are due to Professor Cushing and the editor and publishers of Brain 
for Figs. 146 and 147 ; to Dr. Gordon Holmes and the Council of the British Journal 
of Ophthalmology for Figs. 159, 160, 161, and 162; to Dr. Healy and the publishers of 
the Journal of the Royal Army Medical Corps for Fig. 164; to Dr. Henning Roenne 
and the editor of the Klinische Monatsblätter für Augenheilkunde for Figs. 91 and 94 ; 
to Dr. Seidel and the editor of the Archiv fiir Ophthalmologie for Fig. 40; and to Dr. 
Clifford B. Walker and the editor and publishers of the Boston Medical and Surgical 
Journal for Fig. 84. The Council of the Ophthalmological Society have kindly allowed 
me to reproduce Figs. 5, 6, 20, 28, 87, 50, and 58. I am further indebted to the Council 
of the British Journal of Ophthalmology for the use of Figs. 1 and 2, both of which are 
modified from figures by Roenne; to The Darien Press for Fig. 12,and to Messrs. 
Weiss & Son for Fig. 14. 

Finally, and with the deepest gratitude, I gladly acknowledge my great obliga- 
tion to my chief, Dr. J. V. Paterson, in whose clinic during, the last twelve years the 
great bulk of the work has been done. 

I do not venture to expect that this book will not Son d to contain much that 
is inaccurate and more that is immature. My ho at it may in some degree 
stimulatainterest in perimetry and in the study anatomy and pathology of the 
visual nerve path, not only among oculists, but mong physicians and surgeons. 

Mr. Henry Kimpton has been most patiga{stnd considerate, and has done every- 


thing possible to meet my wishes. O 


EDINBURGH, K 
April, 1927. O 
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INTRODUCTION TO AMERICAN EDITION 


The study of perimetry has made rapid progress during the last twenty years 
and especially has the realization of the importance of its practical application been 
appreciated in the past decade. 


Several factors are responsible for this step forward, chiefly the improved facili- 
ties for study of our specialty, along with the various papers and special works pub- 
lished on the subject. The development of neurological surgery and advancements in 
the progress of surgical neurology during the World War also helped greatly. 


Notwithstanding the fact that the modern skilled ophthalmologist knows that it 
is not possible to practice his specialty without making numerous daily perimetric 
measurements in order to accurately diagnose and follow certain types of cases, the 
careful clinical study of perimetry has not spread sufficiently amongst the mass of 
practicing ophthalmologists. We have even visited the offices of some of our col- 
leagues where the perimeter lay covered with dust in some out of the way corner, or 
where there was even the total absence of perimeter or other means of accurately 
recording the fields of vision. Possibly one reason for this may have been the ten- 
dency of some authors to lay too much stress on the exposition of seientifiq theory, 
or technical detail. 


One outstanding feature of the author’s work, is the simplicity of ex M, in his 
demonstration of practical methods, their application, and the signi Ks of altera- 
tions in the field in relation to diagnosis. The logical sequence Wyect arrange- 
ment, the treatment of methods, and simple style make it easy an eresting reading. 
None can read or study its chapters without broadening his | edge of perimetry, 
and to many it should be the inspiration for increased act@@MyYand attention to the 
study of the visual fields. 


CLINICAL PERIMETRY 


PART I 
THE FIELD oF VISION: PERIMETRIC INSTRUMENTS AND METHODS 


INTRODUCTORY 


Tue field of vision is that portion of space in which objects are visible at the same » 


moment during steady fixation of the gaze in one direction. ) With every movement of 
the eye the field, while remaining practically the same in area, changes its contents at 
its margins so that as the eye is nearly always moving slightly, and as the effects of visual 
impressions persist for longer than an instant, the extent of the field for practical purposes 
is somewhat larger than in the case of an actually stationary eye, except in such directions 


as it is limited by the contours of the orbit. Perimetry, or the measurement of the field, » 


is concerned only with the field of the stationary eye, that is, of the eye when its visual 
axis is directed as exactly and steadily as possible towards a fixed point. The distinctness 
with which objects in the field are perceived depends on various physiological factors of 
which the most important is proximity to the visual axis. The surface of fhe retina, 
the peripheral receptive organ, receives a minified and inverted image u just 
as a photographic plate receives an image of a landscape. The fibres conducting 
nerve path are arranged side by side so as to preserve, with certai ifications, the 
arrangement of the retina. Thus a transverse section of the pa any level repeats 
the retina, and, therefore, the field, and the same applies th enti centre, the 
visual cortex or cortical retina. The visual nerve mechani ay be compared to a 
telephone consisting of receiver, wire and station. Faul 9: situated at any point, 


position and nature of faults in the visual nerve ap s. Since the field corresponds 
to a cross-section of the nerve path, a defect in thètield will, if properiy interpreted, 
afford some guidance as to the situation and 1 of the causal lesion, whether this is 
in either of the end stations or in the con fibres. 

Before we can practise perimetry, Gi the field ”? with success, it is necessary 
to have clear ideas as to what we ar rtaking, and some kind of mental pieture is 
essential. Any attempt at a f sition of the field, with its physics and its 
psychology, is out of place in tNisonnection. We must aim at some simple image 
which will illustrate the esse features in such a way as to assist the clinician. 

To define the field of vfs as the projection’into space of the light rays which fall 
upon the sensitive rety ng fixation of the eye may be accurate, as far as it goes, 
but is. clinically tN t will be found more useful to regard it as a portion of an 


and may be of various kinds. The object of ree to ascertain the presence, X 
el 


immense hollow J tıpon the inner surface of which is spread a panoramic picture of 
0.P. 1 B 
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2 CLINICAL PERIMETRY 


external objects showing the central feature depicted with minute detail and vivid 
colouring, while objects at increasing distances from the centre are indicated with 
correspondingly diminished clearness and duller hues. But the most helpful mental 
picture of the visual field is obtained when we regard it from the standpoint of visual 
acuity. We may imagine the field as an island of vision surrounded by a sea of blindness 
(Figs. 1, 2). The coast-line is somewhat ovoid in shape, and rises steeply so that the 
island is surrounded by cliffs vertical at one side, sharply sloping at the other. Above 
the cliffs is a sloping plateau which rises more rapidly again towards the somewhat 
eccentrically situated summit. This is crowned by a sharp pinnacle whose sides curve 
steeply upwards from a narrow base. To one side of this point is a pit (the blind spot) 
with sides almost vertical at first, but soon becoming perpendicular, which extends down 
to the level of the surrounding sea. To an observer situated in the air above the pinnacle 
a panoramic view of the whole island is presented. On the shore only large objects can 
be seen and colours cannot be distinguished. Immediately within the coast-line along 
the top of the cliffs smaller objects are visible and colours can be recognised if in large 
enough patches, and as the neighbourhood of the summit is approached smaller and 
smaller objects become apparent until at the apex of the pinnacle the most minute 
details can be detected. Imagine the surface of such a hill, not stationary, but subject 
to slight fluctuations in height, and we obtain a glimpse of the normal field of vision, 
and we realise that the problem of perimetry is the survey of this surface. 

If we choose to exercise our imagination still further and picture to ourselves this 
hill under abnormal conditions, we must think of it as digtArted or partially destroyed 
by subsidence. Depressions of every variety may oc roe surface, of all shapes, 


t 
t 
I 
j 
| 


| sizes and depths, with straight, curved or irregular m , with sloping or steep sides, 
E isolated or extending to the shore or to the pit, or or ‘wholly involving the central 
ii pinnacle. 


| | Until comparatively recently, until the neha ction of the quantitative method by 
| Bjerrum and Roenne, the survey of this Ow largely neglected, and perimetry meant 
little more than the outlining of We ce and of deep depressions, frequently by 
rough and superficial methods. Der is more ambitious, and, therefore, 
| more exacting. It demands a us = exploration of the whole area, an orographical 
HI survey as it were, with all di es in level shown by contour lines, neglecting no 
depression be it ever so res age or so shallow. It will be seen that perimetry is a 
specialised study of one of the symptomatology of vision comparable in many 
ways to the study of kinds of disordered sensation. It is a study, adapted to 
uf clinical purposes, of t eption and conduction of impulses in the visual nerve apparatus 
| and of the result airment of this apparatus. Its aim is to ascertain and distinguish, 
within certain li / various forms of deviation from normal vision and to correlate each 
alteration Gras possible with a definite anatomical site of interference and a definite _ 
| causation IN thus, in harmonious association with other methods, to contribute its 
| quota RS production of a clear and complete clinical picture. 
ii x NS etry has therefore two sides, the technical and the interpretative. For the 
Dr O Nr the perimetrist requires training and experience in practical methods of examina- 
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tion, and an acquaintance with the chief physical and physiological factors upon which 
these methods are based ; in respect of the latter, his knowledge of the anatomy of the 
visual nerve path and of the various ways in which different pathological conditions 
may affect it, cannot be too wide or profound. Further, since the examination is sub- 
jective and carried out by question and answer, due recognition must be given to purely 
psychical conditions which may influence the patient’s responses. 


CHAPTER I 


a ee ee a aS 


THE NORMAL FIELD OF VISION 


WE have seen that the field may be regarded as a hill of vision surrounded by a 
sea of blindness. For purposes of description, we must consider this hill as shown 
* upon a map or chart by contour lines in the usual way. y The centre point of the chart 
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f ® HORIZONTAL SECTION OF FIELD OF VISION. 


Modified from Roe V1. The continuous horizontal base line indicates the extent of the field in 
degrees, the vertical ina visual acuity: O the diameter of the test-object in millimetres, D its distance 
from the eye in milli and V.A. the visual angle subtended at the nodal point. Beginning with an _ 


angle of 9°, the veal e is halved for each successive isopter ; a modification is introduced by the substi- 
tution of sopo ad 10%; for the original figures (Roenne) of +25% and 232%,. The interrupted line shows the 
alteration produc a uniform depression of the acuity over the whole field. The blind spot appears as a 


pit with ei mouth. 
correspon e visual axis, the object directly regarded, the fixation point or centrum. 
The EIS e map is measured in degrees from this point, round which the coast-line 
of und or outer boundary of the field is indicated by the outermost or lowest con- 
tom e. These lines are termed “isopters.”) The field is generally charted as seen 
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THE NORMAL FIELD OF VISION 5 


by the individual whose field is represented. Thus the right hand or temporal side of the 
field of the right eye is shown on the right side of the chart, the nasal or left side on the 
left side. Itis unfortunate that the term “ normal.” as applied to the field, does not yet 
connote features or limitations generally understood and agreed upon. Thus the field 
is sometimes said to be normal, although all that has been ascertained is that its outer 
limit is normally situated. For clinical purposes, with which alone we are here con- 
cerned, we may regard a field as normal when the extent of its boundaries end its 


90 


oo 
©) 


90 


Fic. 2.—PLAN OF THE VISUAL FIELD SHO E SAME ISOPTERS AS IN Fic. 1. 


sensitiveness over its whole area BEN: standard found in the average healthy 
e practical methods of examination. What 
u 


this standard really amounts to will ngttrally be better understood when these methods 


have been discussed. 
In this sense the normal fi Day be regarded as consisting of a central area extend- 
ing to 15° or 20° in every, ion, from the fixation point, an intermediate zone from 


this limit to about 45° Ov" and a peripheral zone which includes the remainder. In , 


the centre, surrounds Ne fixation point, is the fixation area which correspunds to 
the projection N acula. 


Er 


6 CLINICAL PERIMETRY 


_ A line passing perpendicularly through the fixation point constitutes the vertical 
meridian of the field and divides it into two unequal parts, a larger temporal and a 
smaller nasal “ half-field ” or field. The outer boundary is ordinarily determined 
inwards and upwards to a certain extent by the configuration of the orbital margin, 
nose and upper lid, and by the position of the eyeball in the orbit. In the case of the 

? average individual, the field extends to about 60° upwards, 60° inwards, 75° downwards, 
and 100° or a little more outwards. In the lower inner quadrant the margin frequently 
recedes to 50° or 45° on account of the nose. 

This is often called the relative field, in contrast to the absolute or maximum field, 
which is obtained when the eye is fixed and the face turned during the examination 
of each meridian in such a way as to exclude the influence of the orbital margins.) The 
upper lid is elevated if necessary. 

The absolute field is somewhat larger than the relative field in those directions 


Fic. 3.—THE RELATIVE FIELD FOR 3, 


Droop Ag LID. 


The broken line shows the field for „4, olftain&&ssf raising the lid, leaving the position of the face unaltered. 
The isopters coincide where the limitation if ue to the nose. 


in which the latter is restricted the physical features referred to, the difference 
depending on the configuraty resent in individual cases. It does not extend to 
more than about 70° in a ction upwards or inwards.* 

The field of the ef together, or binocular field, is the combination of the 
rH right and left indivi elds, which partly overlap, so that the nasal field of one eye 
i covers the peat hed the paired portion, of the temporal field of the other, leaving 


an outer crescen niocular area unpaired. The central portion common to both 


I eyes is hans, ular with a diameter of about 120°, the temporal uniocular area extend- 
|) ing to ab ede 40° further on each side, so that the whole binocular field forms a 
Ml rough tal oval extending to about 200° laterally and 130° vertically. Within 


I part of the binocular field visual acuity is slightly greater than in the same 


* In flat-nosed races (Chinese, Negroes) the nasal margin of the field shows no special extension. 
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al area of either field separately. In the unpaired part of the binocular field I have found 


| k it by perimeter tests to be, if anything, a little less than in the same part of the uniocular 
> field.* 
n, The clinical perimetrist is mainly concerned with the uniocular relative field, 
he though in some cases it is necessary to turn the face or lift up the upper lid of the patient 
s, in order to avoid error. 
ly Within this area perception is much lower at the periphery than near the fixation 
: point, towards which it gradually increases, though in the peripheral field moving 
n 
1e 
18 
Fig. 4.—Tue BINOCULAR FIELD, SHOWING THE ÜRSCENTIO UNPAIRED AREAS. 
e objects are relatively easily detected. Thus an ohjgtt which is only just large enough’ 
l IEE S | Ta PEE 6 

9 to be seen in the intermediate zone will be inv@fhle in the peripheral zone, and the area 

which an object must present in order to rceived becomes gradually less as the 
e fixation point is approached. By the ries of test-objects in this way, suitably 
o graduated as to size, it is possible t ertain the point of visibility for each size of 
y object in a number of meridiangeayg) thus to determine the position of the isopters 
N and to show the slope of een acuity in the same way as altitudes are shown 
i by contour lines on a map, ee isopter corresponds to a certain size of object used 
1 at a certain distance, an I ese factors may vary in relation to one another, the 
1 visual angle subtended e object at the nodal point of the eye, and not merely its 


diameter, forms WS ? basis of comparison. This angle is expressed in degrees by 


A * Appendix, Note I. 
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re x 180. The constant 18 or 57-31s usually omitted, thus the 
distance T m 

extent of the field for an object of 1 mm. used at a distance of 330 mm. is referred to 
as the field for ṣẹ an expression which conveys more information than 10-4’, to which 
it corresponds.* It is obvious that where the peripheral boundary of the field is deter- 
mined by the nose or brow, i.e., at the margin of the relative field, the image of a test- 
object brought centripetally into the field falls at once within the limit of the functionat- 
ing retina, appearing to the subject “ like the moon on the horizon ” (Hess 111). 

At such parts several isopters will coincide. A finding of this kind is not likely 
to be misinterpreted even by the inexperienced. 

The outer boundary of the field constitutes the most peripheral isopter and: can 
be marked out in an average healthy individual by using an angle of 30’ except on the 
temporal side, where a considerable increase in the angle shows the field to extend well 
beyond the 30’ isopter. With an angle of 9°, Roenne found the field to reach 107° 
temporally, and 62° nasally, while an angle of 34’ gave the same extent nasally, but 
only 93° outwards. Angles smaller than 30’ give isopters lying within the periphery 
all round. The intervals between these boundaries are wider on the temporal than on 
the nasal side, so that as the visual angle is reduced the field becomes more circular in 
shape as well as smaller. With an angle of 1-7’ the field is reduced to an approximate 
circle of about 26°, and with half that angle (51”) its extent is only about 8°, and so on, 
down to an angle of 27”, which Roenne found to be seen only just at the fixation point. 


Isopters in the Normal Field (Roenne 21 


the fraction 


Reciprocal 


Visual Object | Distance Out Out. Dorn In. U Out. Value of 
Angle. | (mm.). (mm.). me Down. Down P. Up. Visual 
: Angle. 


About 1° 20’ 


Recognisable at the fixation point. Lo 


1,236 


It is evi om this Table that the visual field has a very steep edge. (See Fig. 1.) 


* It is es at the size of the object and its distance from the eye be given and not merely the visual angle, hence 
the met ci%bed above is the only satisfactory one. The reason is that under ordinary consulting-room or hospital 
conditi t variation may be found in the fields taken with the same visual angle at different distances in the normal 
eye, AN hological conditions the difference may be more noticeable, when the object and distance vary—e.g., $y does 
not always*give the same field as z„32,. See Appendix, Note I. 
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The average normal positions of the isopters for definite visual angles with white 
test-objects cannot yet be said to be completely established, as in many instances the 
observations hitherto published by various observers do not correspond. The nature 
of the subject indicates that only a limited degree of exactitude should be expected, 
and that conclusions must be based upon the examination of a large number of individuals 
under identical conditions. The main fact is, however, firmly established that the 
peripheral sensibility of the retina can be graphically expressed by isopters representing 
the extent of field corresponding to the visual angles subtended by the tests employed. 
This fact forms the basis of modern perimetry, and the term “ quantitative ” perimetry 
means perimetry based on the recognition of this principle. 


The Field for Colours 


The field for colours is usually regarded as smaller than that for white. The 
consideration of this subject involves many extremely complex and difficult physiological 
questions, and in the present instance must be confined to the clinical and practical 
aspects. From the fact that a white object is seen as white in all parts of the peripheral 
field it follows that the fields for complementary colours, such as a complementary red 
and green or a complementary blue and yellow, are equal in extent. The charts usually Y 
given in text-books showing the colour field decreasing in size in the order yellow, blue, 
red, and lastly green in a comparatively small central area, refer to the results of obser- 
vations made with one size of test-object, with colours which were not complementary 
and probably also varied in intensity of hue and in their white values. Unfgrtunately » 
no standard of colours has yet been established, and it is because thos en use 
at the present time vary in regard to the points mentioned that the or green is 
usually found to be smaller than that for red, and that for blue s than that for 
yellow, but if the intensity of the light, the saturation of the colg&t And especially the 
size of the object are adequate, these colours may be sting very nearly, if not 
quite, at the periphery. The extent of the field for each col also influenced by the 
relation between the brightness of the background and the coloured object, the 
field being largest when the brightness of the rey at of the background are 


equal. With a black background, as is usual in clipm perimetry, the colour field will 
be relatively smaller if there is much white in the cdtour test used. It is of interest to 
note that if a coloured test-object, too small he colour to be accurately detected 
at the periphery, is presented there and towards the fixation point, the colour 
appears through several changes. Bai No own that red first appears yellowish, 
then yellow, orange and orange red. n passes from yellowish through greenish to 


green. Blue does not change infton but increases in saturation. These points are 
mentioned here because in patholdwiéal conditions a similar sequence of change may be 


fe) 
observed. It is, however, Me to select colours which do not change in peripheral 
vision, the so-called “ phy ‘ically pure ” colours.* 
As far as concerns perimetry as a clinical method, we may regard the extent 


of the field for aN as determined by the size of the visual angle subtended by 


ae 


* See Appendix, Note I. 
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the test-object. The positions of isopters for colour tests of different angles in the 
normal subject have not been fixed with any exactitude for several reasons, mainly 
because of the great variation in the results obtained from different individuals. Since 
the colour appears gradually as the test-object moves from the periphery to the fixation 
point, there is wide scope for difference of opinion as to when the object presents. a 
definite hue, and the more difficult the test (e.g., when the object is small) the greater are 
the variations met with. Ordinary differences in illumination or in the exact hue and 
intensity of the colours commonly supplied for the purpose are of little practical impor- 
tance even when the objects are small. As the white value of the colours is usually too 
high, a relatively bright illumination tends to reduce the field more than a moderate 
or somewhat dull diffuse light, and should be avoided. | 

Using 20 mm. square objects at 330 mm., that is, with an angle of nearly 4°, the 
following figures were obtained by Berry :— 


| Out. | Down. | In. | Up. 
For a red and a complementary green aa Ls a 58° 44° 34° 28° 
For a blue and a complementary yellow _... a 2% (Pa 60° 44° 38° 


With the perimeter and screen under ordinary clinical conditions in winter, the 
results shown in the following Table were found by the author. The subject is further 
discussed in the Appendix, Note I. 


Blue. Nur Green. 


(Degrees.) egrees.) (Degrees.) 
Be | ag ae Gh. In. | Up. || Out. |Down.| In. | Up. 
1-7! 1 2,000 1-6] 1-4) 1:31 7 
3-4’ 2 2,000 381 2-5| 3-2| 2b 
5-1’ 3 2,000 5 3:0} 4:6] 3:0 
8-6’ 5 2,000 7 4-6| 7 5-0 
052, 10 2,000 9 1716| 9:7) 6-6 
344’ 20 2,000 15 10 14 9-6 
17% 40 2,000 22 16 17 14 
10-4’ 1 330 6 4 6 4 
20.8’ 2 33 N 13.7 6 
: J 17 
2 ? 98 


NN: under the usual conditions present in the out-patient or consulting-room, 
not intended to indicate any scientific physiological values. 


DO OC 
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In practice, having regard to the hues which are commonly available, red is the 
most generally useful, blue is sometimes helpful in special cases, while green, though 
seldom required in itself, is useful as a contrast to red. | 

When the highly subjective and qualitative nature of the test is considered, it is 
evident that normal standards for peripheral colour vision can only be approximately 
indicated by the perimeter as ordinarily available. This, however, does not diminish 
the usefulness of colour perimetry as a valuable clinical method when used with judgment 
and discrimination. 

The Blind Spot 

The projection in the field of the head of the optic nerve forms a physiological blind y 

area or negative scotoma, the blind spot or area ceca, which is oval in shape, with its long 


= 
Vv, 
IND Spot (LEFT). 

The drawing of the disc was made subsequ Oy turned so as to correspond with its projection. 
The amblyopic area (24,5) is about 30’ wide wus al side, and 1° on the temporal. The projections of 
the vessels correspond closely with the true EN but one vein and the smaller arteries were not detected. 
Test-objects, „3%, and s500 


Fie. 5.— Tue Norm 


axis vertical. Under normal coM#ions insignificant variations occur in its position 

25 -5° to the outside of the fixation point and about 1-5° 
N“ In width it measures approximately 5-5°, and in height 
s of its vertical diameter lie below the horizontal meridian. 
red if the head is slightly tilted to one side, slight variations 
The distance of the blind spot from 


and size. Its centre lies abe, 
below the horizontal meridf 
7:5°, so that about tw 
As this relationshi 

are easily produce d are of no importance. 


‚„a® 
x 
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the fixation point is increased in hypermetropia and diminished in myopia in accordance 
with the difference in the length of the eye. 

The dimensions given refer to the area of absolute blindness. Surrounding this 
there is a narrow amblyopic zone of about 1° in width in which modified vision is present 
both for white and colour. The degree of amblyopia is such that ‚4, or ,2, white is 
not seen, so that the blind spot measured with such visual angles is about 2° more in 
total width than when mapped out by larger angles. Graphically expressed, the margin 
of the blind spot is steeply sloping at first, and later perpendicular, resembling a well with 
a crater-like mouth. The area of absolute blindness corresponds not to the head of the 
nerve, but to the area in which no retinal receptive elements are present, an area usually 
slightly larger than the nerve itself. The presence of the amblyopic zone is anatomically 


f oe y j 


Fic. 6.—SECTION THROUGH THE Porus OPTICU SHOW: (1) THE GRADUAL CESSATION OF THE OUTER 
RETINAL LAYERS; AND (2) THE COMPTE RMINATION OF THE RETINA SOME DISTANCE FROM THE 
NERVE. 


explained by the fact that the,getiffal outer layer does not terminate abruptly, but 
gradually at the edge of thi At the upper and lower ends of the blind spot 
narrow curved prolongati the amblyopic zone are found which represent the 
projections of the large I vessels near the optic disc, and which with care may be 
traced some little wa the field. Owing to the narrowness of the area covered by 
the vessel such sc$tom*ta are somewhat elusive, as even slight unsteadiness of fixation 
causes the test-ob to “ go out and in.” They do not, except very superficially, 
resemble any ological defect, and their relation to the blood-vessels can be easily 
checked by thalmoscopic observation. | 
ER and including the fixation area and the area ceca is an horizontally oval 
porti he field of great importance in pathological conditions, the centro-cwcal area. 
he outer side of the blind spot the field is slightly weaker than in other parts 


— 
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at the same distance from the fixation point. While 4, white is usually seen on the 

temporal horizontal meridian out to 26°, it is often easily lost in the strip between the 

19° and 26° circles outside the blind spot. The importance of this feature will be 
referred to in dealing with pathological conditions. 

The field is slightly larger in hypermetropia than in myopia, but the difference 1s 
not such as to have any practical significance for the clinical perimetrist. When using 
small visual angles, as with the screen test, uncorrected refractive errors may cause an 
apparent reduction in the field. The field may also be slightly diminished in extent 
by a small pupil or increased by a large one if the test-object is very small, owing to 
the difference in the amount of light admitted to the eye. With moderately large 
test-objects the size of the pupil makes no appreciable difference. Accommodation is 
said to increase the field by a few degrees, and as it is usually associated with contraction 
of the pupil, the two conditions tend to counteract each other. While these circum- 
stances should be borne in mind, they do not lead to results capable of being mistaken 
for evidence of pathological conditions. 

The extent of the field is also affected by the illumination of the test-objects, the 
contrast of object with background and the state of adaptation of the eye. For our 
present purposes it is presumed that the object always receives average daylight 
illumination without direct sunlight, that the background is black and the eye light- 
adapted. Under ordinary circumstances such factors do not induce variations in the 
extent or intensity of the field of vision such as are likely to lead to errors in diagnosis. 
Quite a considerable reduction of illumination is required to produce a definiteepression 
of the normal field. The effect of dim light on the pathological field x referred 
to later. 

We are now in a position to affirm the characters—for clinig poses—of the 
normal uniocular field. — 

1. The external or lowest isopter must lie in the norte’ Dera position; in 

other words, the periphery must show normal Wt necessarily maximal, 
limits. O 

2. The internal isopters must occupy normal ss fe positions for the stimuli 
they represent, t.e., the field must sho rmal average slope. 

3. The central peak of the field must attainar@verage normal height. This does 
not mean that the recognition of betical or other symbols must attain 
to any arbitrary standard, bu the fixation area is to be regarded as 
part of the field. The p owever, of ê or Å vision with a normal 
field periphery does notn 


6 
arily indicate a normal condition of the central 
field, for normal centfal 
impairment before = 


on is sufficiently acute to undergo considerable 
ious reduction is demonstrable by a test such as 
Snellen’s types.* re such impairment exists the patient is usually 
aware that his yn is not as good as previously, and the central isopters 
Mered in position, although the test-card may show excellent 
acuity. 
factor NX 


wiry, expressions such as “ V = x, field normal,” are unsatis- 
ithout explanation. 
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4. Colour vision and the positions of isopters for colour tests, i.e., the slope of the © 
field for colour, should be normal. Here a relatively wide allowance for 
physiological variation is necessary, and the particular standard of ability 
to recognise colours possessed by the individual must be taken into account, 
e.g., congenital colour blindness may be present. 

The practical criterion of the normal field will be considered in Chapter III. 


or 
Bi 


CHAPTER II 


PERIMETRIC INSTRUMENTS 


The Perimeter 


THE perimeter consists essentially of an arc of a circle supported on a convenient 
stand with a chin-rest or other appliance for keeping the eye in the same position 
throughout an examination and at a distance from the arc corresponding to its radius. 
The arc is placed with its concavity facing the patient, and is pivoted on the stand so 
that when rotated it describes a hemisphere into the hollow of which the patient looks, 
keeping his gaze fixed upon a mark—the fixation point—placed at the centre of rotation. 

The line of vision is therefore a radius of the hemisphere, and at the same time 
the axis around which the arc is rotated. In whatever meridian the arc is placed all 
points upon it may be regarded as equidistant from the retina. The arc is marked in 
degrees from 0° at the fixation point to 90° or more at the free end. | 

A large number of different patterns of perimeter have been devised from time to 
time, varying more or less in detail though not in principle, and all claiming special 
advantages. No useful purpose would be served by attempting to enumefate or to 
examine the different examples in detail, but we may consider the mek portant 
structural features :— Q) 

1. The construction, extent, width, etc., of the arc. 

2. The radius of the arc. 

3. The desirability or otherwise of mechanical appliande Dor moving the test- 

object and for recording the field on a chart, 


to the curve required. A strip of thin metal or wo ttached along the concave side 
of the supporting bar so that the completed strygtutehas a T section with the vertical 
limb of the T on the convex side. This metho ment ensures strength, lightness, 
and permanency of curvature. Arcs ma ielding material, such as vulcanite, or 
made without a properly constructed ON sis, are apt, after some time, to lose their 


4. The stand. O 
The arc should have as a basis a strong but S prete of metal bent on its edge 


original curve. The most suitable le of arc depends largely on the object in view. 
If it is desired to have a portable eri@eter of minimum size and weight, an arc extending 


‘to 80° only may be made to sufficepivoted on one end. For most purposes an arc of 


IN 
SS 


about 120° is more convenié ivoted at 30° from one end so as to make a short and 
a long limb. This arran OY enables both sides of the fixation point to be tested up 
to the 30° circle in © meridian without moving the arc, while by altering the 
position of the fix NA int the available length of the arc may be increased. 
The same = is sought in many patterns by the insertion of a circular plate 
15 
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about 20 cm. in diameter, often marked in degrees, at the centre of rotation, so that 
the central area of the field may be explored in every direction independently of the 
position of the arc. 
the extent of the arc, and are unnecessary if the arc is wide enough originally. 


work; it balances well and needs little adjusting, as a complete meridian can be 
examined in each position. The width of the are should be not less than 75 mm.“ 
as it is desirable that the background should present as large a uniform surface as 


possible, and it should be faced with black woollen cloth without pattern, or painted 
This point is of great importance, as other surfaces 
reflect light, and while quite suitable for rough examination with large objects, are 


with a really matt black surface. 


unreliable for fine work with small tests. It is a great advantage to have some 
indication on the edge of the arc which will show the position of the test-object from 


the front, thus obviating the necessity to constantly refer to the scale of degrees at 


the back. This can be done by marking the tens of degrees with little knobs and the 
intervening fives with notches, while the 30, 60 and 90° points may be marked with 
slightly larger knobs. Such an arrangement does not disturb the regularity of the 
background, and provides the information required. Some perimetrists advocate a 
ratchet to fix the arc in meridians at, say, 30° intervals, so as to facilitate accuracy 
and rapidity of working. 

An important matter is the radius of the arc. 
arise. The size and cumbersomeness of the perimeter increase rapidly with the radiug 
of the arc, and if portability is desired, limitation beco essential. In general, the 
radius varies from 250 mm. for small instruments to 330 mm. for larger ones. 
Portable instruments, such as hand perimeters, niently made with the smaller 


are 
radius, while the larger is suitable for instrameng& hich do not require to be much 


moved about. 
Perimeters with a radius of a metr 
Mackay), and are suitable for more 


ve been constructed (Elliot, Hudson, 
fixed permanent positions. 
, the real point of importance is whether 


Such contrivances are, of course, merely methods of increasing 
The 


semicircular arc of 180 to 200°, pivoted on its centre, is the most suitable for ordinary 


Here again questions of expediency 


Apart from | 


mere questions of convenience in 
definite and valuable advantages pN hininable by increasing the radius to as much 


as 1m. In one way this questio easily answered ; 
the advantages—now widely x Pgnised—of a 1 m. Bjerrum’s screen. 
The screen has this a: measurements may be made in all meridians at 
once and may be m during the process, so that the observer sees the field | 
growing under his e oe can rapidly grasp the essential nature of the case. 

other hand, it is t 


by the ac 


centre owing 


comes progressively less as the latter is moved away from the 


errum’s screen no very serious alteration a place. ‚At 1 m., for 


the ordina 
one screen is 1 m. square with the fixation point in its centre, the distance _ 


NS (217) prefers a narrow arc used with Bjerrum’s screen as a background. The wide arc is more generally 
ould be placed in front of the screen when the latter is available. 


such a perimeter. presents all | 
But does it ? | 


On the 


hat, as the screen is a flat surface, the visual angle subtended | 


he increase of its distance from the eye, though within the limits of | 


N 
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from the eye to the edge of the screen is only about 12 cm. more than to the centre, 
and in the case of the 2-m. screen at 2 m. the increase is nearly 24 cm. Such differences 
can be compensated for by bringing forwards the test-object slightly as it nears the 
edge of the screen. Beyond the limits of the 2-m. screen at 2 m., that is, beyond about 
28° from the centre, the error increases so rapidly that the use of a flat surface becomes 
undesirable. 

It is, therefore, for the more minute examination of the intermediate and peripheral 
parts of the field that the long radius perimeter might be advocated as offering special 


r 


Fie. 7.—AUTHOR’S SMA 
methods are in many respects more 
eld may, however, be examined with 
in such a way as to bring the required 
portions of the field seriatim on t reen, although this is, of course, a slow and 
troublesome method. But sine QE subtending very small visual angles are not 
perceived by the outer parts æf the retina, the necessary refinement of examination 
can be much more Eee btained by using a perimeter of the usual radıus with 


advantages, seeing that the screen or campi 
suitable for the central area. The pen 
great minuteness by arranging the fi 


a test-object of suitable gi 
It has been sug that the short radius perimeter imposes too great and 


continuous a BEN accommodation. There is no evidence that this occurs to 


Lv 
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such an extent as to hamper the examination or to give rise to misleading results. 
The field of the atropinised eye is not reduced in size, but rather increased owing to 
the greater admission of light. 

Up to the present time no observations have been published which show that 
clinical results can be obtained by such perimeters superior to those provided by instru- 
ments of the ordinary dimensions if used with test-objects subtending sufficiently small 


~ 


} 
L 8.—AUTHOR’S 330-MM. PERIMETER. 


angles. At the Qe the “ giant ” perimeter probably has advantages, though 
whether these a mmensurate in clinical practice with the acknowledged incon- 
venience of gu large instrument must be left to the opinion of the user. For research 
purposes, ey other hand, a suitable instrument of this kind might well prove of 


value. 
Nation point should consist of a disc attached at the centre of rotation of the 
HNO e size depends upon the requirements of each case. A white disc with a black 
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centre assists steadiness of fixation and helps to avoid fatigue. The disc should not 
glitter or dazzle, and for general purposes it may be made of matt white card or paper, 
about 3 mm. in diameter. At the centre of rotation of the arc a small hole, about 0-5 mm. 
in diameter, is bored, and the disc may be attached by passing an ordinary black pin 
through its centre. In this way the size and shade of the fixation point may be altered 
at will. It is convenient to have a similar hole at or near the extremity of the short 
limb of the arc, so that the fixation point may be placed there if desired. This has the 
effect of extending the arc to 100° or more, though it may measure only 80° from the 
centre of rotation, according to the distance along the short limb at which the fixation 
point is placed. It is undesirable to have a permanently marked and unalterable fixation 
point. Sometimes a small mirror is used. This may assist fixation in some cases, but 
is unsuitable for accurate work, especially close to the fixation point. 

We now come to one of the most important points in perimeter construction : 
Should the perimeter be “ mechanical ” or not? The mechanically actuated “ carrier ” 
holding the test-object and moving along the arc, and the automatic recorder for chart- 
ing the field in their various forms are very attractive and, theoretically, seem well 
adapted to the work. Opinions naturally vary somewhat as to their advantages, and 
the writer is one of those who hold that such appliances are undesirable, and for the 
following reasons :— 

1. The movements of the test-object are too limited. It is impossible to make 
the object appear at any part of the field or disappear at will, or to shake 
it or move it irregularly or suddenly change its colour, or to byjaga small 
test-object close up to or past the fixation point. Accurate Wi z Zlose to 
the fixation point cannot be done with the usual form of PAS, 

2. Too much time is occupied as the carrier moves relatively y, and rapid 
interchange of test-objects of various sizes and colours4 possible. 

3. The carrier attracts the attention of the patient by roflh é light, and because 
it is not absolutely noiseless. 

4. The surface of the arc becomes rubbed and tendo en. The carrier is not 

- suitable for a cloth-covered arc or one withedge-markings. 

5. The test-objects are easily soiled and ee OP to replace. In some carriers 
they are liable to be partly we, by the edge of the hole in which 
they are exposed. 

6. The apparatus is complicated, ha ig out of order, and adds greatly to the 
expense of the instrument. AN 

The first three points make it gu both to avoid suggestion and to introduce it 
at will when desirable. The mehaifical perimeter is, therefore, unsuitable for the 
examination of suggestible indiyduals. 

It is difficult to think of 3 dvantages offered by the carrier, and it is noteworthy 
that experienced perimetr re practically unanimous in condemning it, while all the 
most important peri rk has been done with the simplest non-mechanical instru- 
ments (vide Roenne; r, and others). Although it is true that carriers can be con- 
structed so as a some of the objections mentioned, yet no mechanism, has 
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been devised which can afford the same facilities for ease, rapidity and accuracy of work- | 
ing as are provided by the manual use of several double-faced test-objects mounted on 


suitable holders. 


The question of automatic recording apparatus is closely bound up with that of 


the mechanical carrier though somewhat simpler. The system by which a needle- 
point moves in unison with the carrier, enabling the chart to be pricked out, has all 
the defects mentioned above. A better plan is to attach the chart to the back of the 


perimeter so that it rotates with the arc, as in Priestley Smith’s model, and can be 


marked by hand with a pencil. If the back of the perimeter is provided with a large 
revolving plate and a large chart is used, this arrangement has some advantages, and the 


circular scale of degrees at the back of the perimeter may be dispensed with, its place 


being taken by the chart. Limitations are, however, introduced, and the freedom of 


action of the perimetrist is somewhat curtailed, so that the advantages turn out in | 
practice to be more than counterbalanced. In this matter, as ‘in all perimetry, good 


results depend upon the worker rather than on his tools. 
The stand should be light and preferably made of wood, and arranged so that the 
whole instrument can be tilted backwards in varying degrees. The upright upon which 


the arc is pivoted should be as broad as is compatible with portability and convenience, ` 
and it should extend several inches at least above: the level of the axis of the arc. In | 
this way a large background is provided which helps to obviate distracting influences, 
and enables the worker to collect his test-objects, charts, etc., in a position where they 


cannot be seen by the patient. It also provides ample roam for a large circular scale 
of degrees to indicate the meridian in which the arc is seh The slender iron pillar 


so commonly found—often brightly enamelled—s to have been designed for 


appearance only. 
A simple adjustable chin-rest, with a separ Sed point in the form of a button 
or knob which touches the lower eyelid so t Cys visual axis may be brought truly to 


the axis of rotation of the arc, completes ssentials of a soundly constructed peri- 


meter. 


improvement, and is a modificatio 
the chin-rest is omitted. Fig. 8 sows a 330 mm. model with semicircular are. 
As a comment on perime dpnstruction in general, it seems significant that students 
Oy 


The perimeter figured (Fig. 7 x ies the points mentioned, though capable of | 


of perimetry, such as Roergeyand Walker, should advocate the simple non-mechanical 
short radius type of N ent. 


The perimeter i) stand upon a firm table, preferably with a black cloth surface 
which can be aC) owered as required. 


Among 


u examining fairly gross lesions in patients who are ill or bedridden, and meant 
t 


se 
N in the hand of the observer or patient. Perimeters with special stands for 


IN) o> 
S 


X) 


Priestley Smith’s model. The radius is 250 mm.; _ 


Special Perimeters 
+ 
Many, Reni forms of perimeter have been designed for special purposes. ' 
(De we may notice the hand perimeter, a small compact portable form 
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use with patients in bed have been designed, and also folding portable forms (Wilbrand, 
Holth, and others). 

The development of neurological perimetry may be expected to largely increase 
the use of instruments adapted for the examination of patients in a reclining position 
in bed or in an armchair. 

For general work an outstanding design is that produced by Walker (298.) The 
instrument has no mechanical accessories. The radius is 28-6 cm., and a sheet of thin 
brass,-curved to this radius, forming a considerable segment of a hollow sphere, is 


Fic. 9.—WALKER’s PERIMETER. PHOTOGRAPZESSUPPLIED BY DR. C. B. WALKER. 


attached to the arc, so that not only one n but a large area of the field may be 
examined during one position of the ar NO: $0 the test-object may be moved in any 
direction with great freedom. For ho AN ıse this perimeter is attached to an overhead 
suspension apparatus in a aE, try room, enabling it to be properly adjusted 
to a patient in any position whetheMséated or reclining. 

The, elaborate refineme he Ferree-Rand instrument have not yet been proved 
to be of value in clinical ONS while their utilisation entails the serious disadvantage 


of prolonging the timer wwred for examination. 
eters have been advocated from time to time, but have not 


Self-lit or elect% 
yet come into RY se. In such instruments the fixation point consists of a small 


a bL3 


22 CLINICAL PERIMETRY | 
spot electrically transilluminated, and the test-object is provided by a carrier containing | 
a small lamp with coloured glasses and diaphragms of different sizes. As the instrument | 
is to be used in the dark, mechanical recording and the carrier, with their limitations | 
and inconveniences, are necessary, while it is impossible to observe, much less control, 
fixation. Electrically illuminated test-objects attached to the end of a rod for dark- | 
room screen work have also been designed. The subject will be further referred to under | 
dark-room perimetry. 
Test-Objects 

1. Shape.—The object should be circular with two plane surfaces. 

2. Size —Each object should be of known area, and a set of objects should provide a 
range of stimuli suited to the various degrees of visual acuity present in the field. Sizes | 
vary from 1 to 60 or 70 mm. in diameter. 

3. Colour.—White, red, blue and green tests are necessary. These may be arranged | 
so as to have a different colour on each surface of the object, e.g., white and blue, and red 


Fie. 10. Tun on Q HOLDERS. 


and green. Red-blue tests are often pa Sich objects may be silently and almost 


The question as to exactly what&nt should be selected is difficult, as it is necessary 
to utilise what can be readily ob in the market. ` The hues should be as pure as | 
possible, and should not con too much white, though they should be sufficiently | 
brilliant to be quite BR e average individual. If too much white is present, 
red is apt to be called yel green white, and it is difficult to evaluate the patient’s 


responses, especially 1 pital practice. 
4. aeii AD are paper is in many ways the best material, especially 


for small objects\ Ly some respects cloth is better, but it is unsuitable for objects below 


instantaneously reversed, changing Ke ble surface. | 


10 mm. in dlapreter 
5. Copan Ti paper discs are mounted on thin wire stems about 2 inches 
in ERS h fit into the end of the holder. 


A 
N 
ww 


r the screen. In order to render it unobtrusive it should be as slender as 


Y holder is a thin wand about a foot long for the perimeter and from 30 inches 
NY fo 


S 


S 
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possible, and to avoid undue vibration tapering is advisable, especially in the case of 
the long holder. Metal or wood or a combination may be used. The handle should be 
of wood and should have plane surfaces, and the thin end should be armed with a small 
piece of fine tubing into which the stem of the test-object is inserted so that the surface 
of the object is parallel to one of the faces of the handle. By this means the observer is 
enabled to know that the surface of the test-object is always correctly presented to the 
patient, a detail very easily overlooked. The holder and the wire stem of the test- 
object are painted matt black. 

Suitable test-objects, ranging from 1 mm. to 60 or 70 mm. in diameter, may be 
obtained from instrument makers, and it is well to have a supply of coloured and white 
discs for their renewal when soiled or damaged. Objects below 1 mm. in size are 
not to be recommended. When a visual angle less than æ (10-4’) is required, 
it is better to use the screen or to test with colour. A set of white-blue and red- 
green tests of 1, 2, 3, 4, 5, 6, 7:5, 10, 15, 20, 30, 40, 60 and 70 mm. with 5, 10, 20, 40 and 
70 in red-blue is ample for all requirements. For most purposes 1, 2, 5, 6, 10, 20, 30, 
40 and 70 in white-blue and red-green will suffice; red-blue, if required, can be 
extemporised. 

Test-objects must be kept clean, and if much used may need frequent renewal. 
Colour tests may be graduated either by keeping to one intensity of hue and varying 
the size of the object, or by varying the intensity of the hue while keeping the size of 
the object the same. While the latter method may be of value in special circumstances, 
the former plan is to be preferred on several grounds. With bold huesstke patient 
can usually say fairly definitely whether he can name the colour or TERN erpas, if the 
hues are pale, they are apt to be responded to in such a way as to l e examiner 
considerably in doubt, unless he is very confident in the patient’s ir nce and ability. 
Moreover, pale hues, if soiled, are quite useless. 

Up to the present no standard colour tests have been ON adopted, but it is 
to be hoped that a solution of this difficulty will soon b ed. 


The Screen, or Campimgter 

The screen consists essentially of a square oe velvet or other suitable dark 
coloured material, without obvious pattern, gnd ‘ws free as possible from seams or 
markings, mounted upon a roller or, preferab etched upon a fixed frame light enough 
to be easily moved. The usual size is eith square or 2 m. square. Roenne gives the 
dimensions as 2 m. high by 23 m. TENN o this limit the larger the screen the better, 
and, if circumstances permit of Pao) larger size should always be preferred as it is 
incomparably superior as regards eaS€ and accuracy of working. The fixation point 
consists of a disc of matt white paer or cardboard attached by a black-headed pin to 
the centre of the screen, nf Dahn be reinforced at this point by a small piece of 
felt stitched on at the nak) his holds the pin firmly and prevents the development of 
a hole at the centre, + ‘xation point may be of any size suitable to the case under 
examination ; It RAU not glitter or shine, and it is well to have several discs of 


different sizes RY , from 3 to 4 mm. upwards. 


> 
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It is convenient to mark the edge of the screen at every 10° by a stitch of coloured 
wool, using different colours to indicate the chief meridians. Some perimetrists (Roenne) 
mark the screen also in concentric circles 10 cm. apart with the fixation point as centre. 
The value of these circles in degrees is then ascertained for each distance of the screen 
from the patient from specially prepared tables.* With such markings the fixation 
point must always be placed at the centre, and if the circles correspond to a tangent 


Fig. 11.—SoREEN ir N CHin-REST FROM ZEISS CORNEAL MICROSCOPE. g i 

scale at a certain distanc will only be of use at that distance. The simplest 
and most convenient N W. use an ungraduated screen and make the readings from 
a tangent scale appr to the distance adopted. In this way a screen of any size 
may be used at a N with the fixation point attached anywhere on its surface, 
provided only that ‘tHe requisite tangent scales, which are easily found from the tables t 
given by Ma are available. 


A libag pply of small black-headed pins should be at hand, and may be kept 
in a Re attached to the screen. The shafts of the pins should be enamelled 


* Appendix, Table II, 
{| Appendix, Table I. 


————————— 
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or made of metal which does not corrode easily, as rough rusty pins are difficult to 
work with and damage the screen. When not in use the pins should not be left in the 
screen. Two or three varieties of pin with different sizes of head (which should, if possible, 
be matt and not glitter) are convenient for demarcating different isopters. 

Walker, who has made most elaborate studies of the mathematical considerations 
underlying perimeter and screen construction, has designed a special combination screen 
consisting of two screens sewn together in such a way that three separate surfaces can 
be presented. These are marked for use at 1,500, 2,000 and 2,500 mm., so that no pins 
are required, and the screen is constructed with a curve, so that the usual error due to a 
flat surface is reduced to a minimum. Another form of campimeter with curved 
surface is the umbrella which, though previously not unfamiliar to perimetrists, has 
also recently been elaborated by Walker. An umbrella of 1,000 mm. radius provides 
a field of 45°, or more if eccentric fixation be used. Walker marks his umbrella for use 
at distances varying from 500 to 2,500 mm., and calculates the errors due to curvature 
and method of marking. 

A great number of different designs of campimeter have been brought forward 
at different times. Some types of these may be mentioned here. 

Marx, of Leyden, uses a screen marked on the back and, as test-objects, small steel 
balls which run over the front of the screen, controlled by a magnet in the hand of 
the operator who stands behind, a method which, no doubt, gives good results in the 
hands of one who is accustomed to its use. 

Revolving scotometers have been designed by Priestley Smith, ig gal others 
Here the test-object is fixed to the screen which revolves around the KO ion point. 
In this way the circular traversing of the field by the test-object is f ted and the 
patient is not distracted by the presence of a holder. This type of 1 nent, neverthe- 
less, does not present any substantial advantages over the simple $ , as the limitation 
of the movement of the test-object hampers the freedom of t ver and is certain to 
influence the results. The ophthalmologist who possesses use a screen and a set 
of graduated test-objects will not find that much is to ined from the mechanical 
scotometer. A miniature screen, such as a piece of Mgtt-surfaced black cardboard or 
black cloth upon a stretcher, is often handy for rou d rapid preliminary work. 

Apparatus for perimetry or scotometry whey xation is bad, e.g., when the scotoma 
is central and’so dense that a fixation point usual size cannot be seen, is usually 
constructed with the object of making u e sound eye. Thus the method of 
Schlösser depends on the use of a colou ss.(red or green) before the fixing eye, the 
field of the other eye being taken wi Cy -object complementary in colour. In Haitz’s 
method fusion of two charts, one ‘ip o each eye, is obtained by a stereoscope in the 
usual way, and the central field ofthe affected eye can be examined while fixation 

Go has devised a “ macular selector ” and other 


ee 


purposes, even K ion is well below &, satisfactory results will usually be obtained 
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TRAQUAIR'S CHART FOR PERIMETER OR BJERRUM SCREEN 


Designed with larg 
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Stroke out Scale not required. Mark out blind spot. 
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Scale P 
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Nision....... 


Date... 


THE DARIEN PRESS, 5 BRISTO PLACE, to 


* 13.—WALKER’S CHART. SUPPLIED BY DR. C. B. WALKER. 


e centrally and smaller scale peripherally ; showing also isopters as found by Walker. 


int be made sufficiently large and distinct. Even when the fixation point 


en most patients of average intelligence can fix well and fairly steadily. 
tly because scotomata are not often absolute over the whole macular area 


because the patient’s sense of direction, in the case of an eye that has previously 


u; RN 
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TRAQUAIR’ 


SCOTOMA CHART ALLE 


SCALE 3 mm. 1.° 


MAY BE USEO FOR THE WHOLE FIELD 
BY COUNTING THE SPACE BETWEEN 
DOTS EQUAL TO 8° INSTEAD OF 1.° 


130 


ol. , 


TEST OBJECTS R r s : WISN ON cess adenine TOR 
eee?) 
J, Weiss & Son, Ltd., 287. Oxford Street ,London. W.1. Qy 
Fig. 14.—AUTHOR’S LARGE RT FOR CENTRAL FIELD. 


May be used for FINN i desired. Diameter 7 inches. 


seen well, is very accurate. A yati Orii a hemianopic scotoma will say that when 
of “ half of it,” but when he looks to one side he sees 


he looks “ at ” an object he se | i 
“the whole of it,” and one «ED. central scotoma knows that he sees the fixation point 
better when he is not loo “atit.” Thus, by getting the patient to find out where 
the fixation point is bygg both eyes, or by paracentral vision, and then to look “ at 


b . 
it, even if he doe N è it best that way, quite satisfactory fixation can be obtained 


in most cases of,ce scotoma. Marx advises a white ring with a black centre, and 


~\ 
> 
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has found that patients with central scotoma can fix the centre of such a ring to within 
1 to 2°, an error which will rarely be of importance in regard to the field periphery. 
As central scotomata are examined at a much longer radius on the screen, with which 
fixation under adverse circumstances is, as a rule, more accurate than with the perimeter, 
errors due to unsteadiness are relatively diminished. | 
For exact work, such as is required when com- ' 
parisons are to be made at a later date, a chin-rest 
is essential for use with the screen. It should be — 
adjustable as regards the chin and forehead and the 
height from the ground, and must be comfortable. 
The chin-rest used with the Zeiss corneal mieroscope | 
attached to an adjustable table is very convenient. 


Charts for recording the field should be as large 
as possible within practical limits. The paper should 
be smooth and thin so that tracings can easily be 
made. The printing should be done in red or | 
terra-cotta ink, against which the inserted field will — 
show up well. The radii should consist of lines of 
dots at definite distances apart and should be placed 
at intervals of 10°. In this way a point may be 
located to within half a degree. Separate charts on 
different scales may be,used, a small scale for the 
periphery and a lar e for the central area, or 
two scales may b bihed in the same chart. If 
accuracy in th ial area is desired, a scotoma 
chart on a ar large scale is necessary. Each 
single c uld consist of a complete circle, and 
neither, normal field nor the blind spot should 
beg ed. This renders the charts available for 

a wy and encourages the production of an . 
. 


Herve and unbiassed record, and also keeps 


e chart free of undesirable markings. The num- 


bering of the meridians may be arranged in any 


fe way which the observer prefers ; the mathematical 


notation as on a spectacle prescription form is quite 


i satisfactory. As the field defect occupies a portion ' 
|| Fie. er el ornen ror of the inside of an immense hollow hemisphere, it is 
||| HARTING FROM EN. . . . 

| not possible to design a chart upon which the shape, 
| size and pogityp of such defects can be truly represented. Charts have been designed 
|| (Roenne, 22 ne for this difficulty as far as is possible, but if it is remembered 


| that the tion of the field on to the chart is purely arbitrary and that the defects 
|| N t have not exactly the same shape as they have in the actual field of the 


| pat frankly diagrammatic projection, such as that afforded by the commonly 
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used Förster’s chart, will be found satisfactory. This form (Figs. 12 and 14) has 
been used in the illustrations. From such diagrammatic representations the data may 
be transferred to other forms of chart if desired. 

For use with an unmarked screen a tangent scale is required. 

Sinclair’s rule consists of a strip of boxwood 1 m. long and about 25 mm. wide, 
marked on one side with tangents of degrees at 1 m., and on the other side with the 
same at2m. It is useful for measuring the distance between the patient and the screen 
and then for measuring the position of the pins. For this purpose the angles may be 
obtained from the stitches placed round the screen, or from a protractor on a stand 
into which the rule fits. This is a handy and rapid method, as the rule remains in 
position while the chart is being marked. 

Black gloves and a black gown and hood are accessories which are both desirable 
and useful, though perhaps more suited to research work than to the often unavoidably 
hurried examination of the clinical ophthalmologist. At the least, when using the screen, 
a white coat should not be worn, as this induces a disconcerting after-image. Where 
possible perimetry should be conducted in a room set apart for the purpose. The walls 
should be dark, and, as far as possible, non-reflecting, and all bright or contrasting 
objects should be placed outside the patient's visual field. 

The perimetry room brings us to the subject of illumination. The perimeter is 
usually placed facing a window, preferably a very wide or a bow window, or, even better, 
between two windows, with a steady light free from direct sunshine, and for ordinary 
clinical work this will suffice. The windows should have suitable adjustal\e shades. 
Under these circumstances, however, it is obvious that the illuminati N test- 
wand also, on 
of the object 
c® of a large screen 


objects will vary from day to day according to the weather and the 
the same occasion, according to the position of the arc of the perime 
upon it. It is difficult to obtain uniform illumination of the s 
by the usual form of window. In any case, slight or BL riations in illumina- 
tion do not affect perimetric findings in such a way as SO te diagnosis, but it is 
always advisable to take precautions to reduce to a mini e influence of this factor. 
This applies mainly to the estimation of progress > parison of findings obtained 
upon different occasions or to the search for faint t of modified function by the use 
of very small test-objects. Even on winter &. ons good work: can be done if a 
single electric lamp is placed near each side e patient’s head. 

While all such refinements in apparat method are undoubtedly of value, and 
perhaps especially in regard to NS üsefulness or, at the least, their necessity 


must be estimated with a due sense Q portion and perspective. It must be remem- 
bered that perimetry is not an efac ence, but a subjective test, and that in any case, 


even with the most accurate app us and illumination, the cornea, pupil and lens of 
the patient introduce ARS ose influence varies in different cases, and in the same 


case according to the positi@my the test-object on the arc of the perimeter. The general 
result is that, with Me size of test-object, the stimulus to the retina is, on the whole, 


the 
less the more peri Wine position of the object. This is obvious in regard to the pupil 
which presents am? or less slit-like aperture to rays from a laterally situated source. 
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In reality, as pointed out by Roenne, the difficulties of perimetry, such as they are, 
are not physical but subjective. The patient presents a complex of variable mental 


| 


and psychical factors which cannot be controlled and are difficult to estimate. To these 


must be added the personality of the examiner himself. Therefore, although strict 
precautions in regard to matters which can be regulated are wholly desirable, such 
factors should not be permitted to dominate the attitude of the perimetrist, who should 
never allow the excellence of his apparatus to govern his interpretation of the results 
obtamed. Simple tools properly used are much less productive of wrong conclusions 
than undue reliance on the dicta of an elaborate instrument. 


CHAPTER III 


METHODS OF EXAMINATION 


BEFORE the field examination is commenced it is presumed that refractive errors » 
have been estimated and that central vision has been tested. The cornea and lens 
should be carefully searched for opacities, which sometimes, especially when small 
visual angles are being used, cause puzzling field defects.* The vitreous humour and 
the fundus, especially the macular area, should be closely scrutinised. This 
examination is, naturally, not necessary in every detail in every case, and is better 
undertaken, if possible, some time before the field test, so that the patient may have 
an interval of rest. 

Essentially there is only one method of perimetry. Hach field is examined 
separately. The eye being “ fixed ” by suitable means, an object is moved about in 
various directions in the field at a uniform distance from the eye and the areas in which 
it is seen are demarcated from those in which it is invisible. 

Many refinements of this basal method have been devised with, as we have seen, 
special appliances for each procedure. The most useful methods of field examination 
may be considered under the following headings :— 

(1) The confrontation or direct method. EAN 

(2) Examination with the perimeter. 
(3) Examination by the screen or campimeter. & 

(4) Special methods. 

Whatever method or combination of methods is adgpté¥¥ the principle of 
quantitative testing should be adhered to, and the examjaafign should be planned to 
elicit the intensity of any defect which may be presen as Well as its position and 


extent. 

(1) The Confrontation Method.—The patient stan Si his back to a window, 
having the eye not under examination covered py a Suitable light bandage or by the 

palm of his own hand. The better eye should ted first, as in this way the patient 

more readily grasps the nature of the pro The examiner stands about a yard 

in front of and facing the patient, ONG eye closed which is opposite the covered 

eye of the patient. Subject and Ge now look steadily at, or fix, each other’s © 
exposed eye, and in this way an aQ which vision is, or should be, common to both is 

obtained, occupying a plane TE etween them and perpendicular to a line joining 

their two eyes. The examin w introduces a test-object at the periphery of this 

area, judging its entrance Kips point at which he first sees it himself. The movement 

of the object is conti p to the line connecting the two eyes, i.e., the fixation 


* The consideration of Sts due to medial opacities is omitted, but the possibility of their presence should not 
be forgotten. Peripheral or MyePular changes may be found often showing contradictory and inconsistent features. 
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point, and the patient is instructed to indicate the point where it is first seen by him 
and also any subsequent points of disappearance and re-emergence. The patient should 
not be relied upon to volunteer statements: he must be constantly asked whether 


he sees or does not see the test-object in different parts of the field. This process is! 


repeated in as many meridians as may be considered necessary, usually not less than 
eight. The field of the patient is thus compared with that of the examiner, who is 
at the same time able to observe whether fixation is steady. A white disc about 20 mm. 
in diameter mounted on a suitable holder forms a useful test. If an object of this 
size cannot be seen the examiner’s hand may be used or a sheet of white paper. Large 
coloured objects may also be employed. The test-object should be zigzagged slowly 
and moved in various directions as well as centripetally, or the fingers may be alternately 
opened and closed, thus enabling confirmatory questions to be asked. If possible the 
examiner should have a dark wall behind him. In this way useful information may be 
obtained in many cases, such as hemianopia, detachment of the retina or glaucoma 
where the affected area is nearly or completely blind, and also often in cases of central 
or paracentral scotoma. 

Suitable modifications of the confrontation method are often useful. The patient 
may not be able to see the observer’s eye: in this case he should look at his face or 
to his own front or in any direction the observer may indicate. Much useful information 
may often be obtained when vision is greatly reduced by simply moving a large white 
object about in the field while the patient maintains fixation as steadily as possible. 

The confrontation method is, however, admittedly crude, and only capable of 
roughly indicating the presence of comparatively gross re ns. In less obvious cases, 
even in the hands of a careful and experienced observer X4) atisfactory results may easily 
be obtained. For this reason any elaboration of the Bjrontation method is undesirable 
as tending to elevate it from its position as a N preliminary test for gross defects. 
As such it has a definite though limited sph f usefulness in cases in which closer 
examination is unnecessary, and in pate A i need for further investigation in 
others. When rapidly or roughly ae esl in inexperienced hands, it may 
be quite valueless. 

The examination of children a of mentally affected persons may be carried out 
by modifications of the confron n method. As a rule, it is best to confine the 
examination to a test of thefPjnocular field for a gross defect such as hemianopia. 


While the child is looking 4 ertain direction an object may be introduced into the | 


tæ) 
lateral field and the r V3) vith which its presence is appreciated compared on the 
two sides. Or an ob ich the child desires and can follow with its eyes, such as 
ON be held before it and then suddenly jerked into the lateral 


a toy or sweetmpat 
field while the Kon of the child is noted. In the case of paralysed, unconscious, | 
ntall 


or otherwise & y affected persons, a light may be suddenly flashed laterally upon 
the eyes inwedér to evoke reflex closure of the lids, which does not occur if the light 
is in tł anopic field (Wilbrand and Saenger). In both children and adults external 
ATS influences should be avoided and the results must be interpreted with 
N 


A 
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(2) Examination by the Perimeter. The confrontation method is, in practice, an 
almost purely qualitative test. With the use of the perimeter the quantitative 
examination of the field is commenced, comparable to the use of Snellen’s types for 
central vision. In this case, however, it is not the ability to distinguish two points 
as separate that is tested, but the power of recognising the appearance and movement 
of objects apart from their form, which is the special function of the peripheral retina. 
At the same time, whatever diminishes the power of perceiving the clearness of a single 
object, diminishes also the power of perceiving two points as separate, so that quanti- 
tative perimetry may be regarded as the testing of the acuity of indirect vision. In 
the light-adapted eye, peripheral vision differs from central vision in degree rather than 
in character. 

The quantitative element is introduced by the systematic use of a series of test- 
objects of graduated sizes, so as to determine for each part of the field as nearly as 
possible the minimal stimulus required to excite vision. 


The patient must be comfortably and easily seated so as to avoid all fatigue or > 


strain and to permit him to conserve his attention for the business in hand. Before 


him a black screen (Bjerrum’s) should be placed. In front of this the perimeter stands ` 


on its adjustable table, so arranged that when the patient’s chin is on the rest a line 
connecting his eye to the fixation point will be a radius of the hemisphere described 
by the arc. The eyes should be in the same horizontal plane so that the vertical and 
horizontal meridians of the projected field may coincide as nearly as possible with the 
vertical and horizontal positions of the perimetric arc. This precaution is of importance 
in the delimitation of hemianopic and quadrant defects and the nasal step o aly 

The lighting should come from behind and from the sides as alr 
The eye not under examination should be covered by a light pad not 
the bridge of the nose, or, if much perimetry is being done, a speciak(ON 


of Walker may be found advantageous. Q 
It is well to adopt a definite system in regard to proced N aving explained to 


the patient the nature of the examination and shown E a object the examiner 
makes a few preliminary trials in order to see that the nt is co-operating, and in 
order to give him a very short but necessary trainin A fixation point of about 3 to 
5 mm. in diameter should,be chosen if the 7 tient’s O 


er such as that 


on is good ; if not, a disc large 


enough to be fairly well seen may be used. Sıgayer fixation points are not desirable 
for prolonged use as they tend to blend with tQe} Däckground, owing to the physiological 
unsteadiness of fixation. For the sam A is inadvisable to work with a small 
white test-object close up to the edge uch larger white fixation point. A white 
test-object from 3 to 5 mm. in dia ay be selected to begin with, and the first few 
trials should be discarded. It is Wop 

acuity, or, if there is no differengSqwith the right eye on one of the horizontal meridians, 
preferably the outer, as this eerie examiner an opportunity of verifying both fixation 
b 


and co-operation by noti lind spot. This should be demonstrated first, as the 

discovery by the pa Ne area in which the test-object disappears when he keeps 

his eye steady SES im as to the nature of the examination, shows him what is 
CP. D 


> 


to begin with the eye which has better visual > 
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meant by fixation, and helps to secure his co-operation. The test-object should be 
placed before the arc at the periphery and moved inwards at a moderate and steady rate 
by a series of short, slow zigzag movements across the line of progression. 

The best rate of movement along the arc is soon ascertained by experiment. If" 
too fast the response will come late. This will be discovered by moving the object | 
in the opposite direction over the same area, when a considerable discrepancy may be 
found. A rate can then be adopted which is suited to the patient’s reaction time and 
gives results which show a minimum of dependence on the centripetal or centrifugal 
movement of the object. For this reason the first few trials are not recorded. When 
the perimetrist has estimated the mental ability of his subject the examination may | 
proceed. 

The object is carried right up to the fixation point in each meridian, unless it is 
intended to examine the central field by the screen. The patient is instructed to respond 
in monosyllables, and to indicate the appearance of the test-object by “ now ” or “ yes, « 
disappearance by “ gone,” reappearance by “ back.” It is not sufficient merely to ask 
the patient to state when the object comes into sight or disappears, he must be stimu- 
lated by the constant repetition of expressions such as “ Do you see it yet 2” or “ Do 
you see it still?’ More time and energy are saved than lost by adopting this pre- 
caution. Care should be taken not to let the test-object touch the arc as it soon becomes 
soiled and useless if this is permitted. 

In this way the field is examined in a clockwise direction on meridians at intervals 
of 45° or, preferably, 30°. 

Centrifugal movements are usually secondary and syplementary, especially with 
the small visual angles. In certain cases, as when N ing functional field changes, 
centrifugal movements are frequently employed. a defect is found, the exact 
position of its boundary is best defined by moving{t¥e object to and fro across and at 
right angles to its margin until reasonable a cy can be assured. As a rule it is 
better to move the object from the blind to eeing area. Circular movements are 
very useful for defining boundaries whi K tproximately radial in direction, such as 
the edges of a wedge-shaped or quadr efect. The arc is rotated to and fro while 
the test-object is held before it at Ne points. The necessity for such to-and-fro 
movements is, of course, greater wl@nythe edge of the defect under examination is sloping 
than when it is abrupt, and it jeglue to a factor which influences all perimetric examina- 
tions: The boundary unde ination tends to be displaced in the direction of the 
movement of the test-obj t is, as tt were, pushed onwards by the test-object, and 
this applies whether t N fect is moved from the blind to the seeing area or vice verså. 
In the former Roy ing area becomes diminished, in the latter increased. 

The blind sgotyfor example, when mapped out on Bjerrum’s screen, is usually 
found a little.smafler by movements towards its centre than by movements in the 
opposite diag , and the highest degree of accuracy is obtained by a combination of 
both at th@yergin. A patient will not infrequently state that the object realiy appeared 
or di eared some time before he said so, rendering a repetition of the test necessary. 
E Whiency is physiological and concerned with matters such as the attention and 


“white, a few prelim 
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alertness of the patient and his reaction time. It is evident that rapidity and facility in 


making these and other variations in the movement of the test-object are better afforded è 


when the latter is held in the hand than when it is subjected to the limitations necessarily 
associated with mechanical perimeters or scotometers. 

Test-objects of the size suggested afford visual angles of from 4 to over 1°, according 
to the radius of the perimeter, and are sufficiently large to give practically the full 
normal field, while small enough to ensure the detection of defects of moderate intensity. 
If doubtful or blind areas are found, the stimulus may be increased by giving the test- 
object a more or less active oscillating movement. Areas in which the object is only 
seen during active movement may be noted as dim or doubtful for that visual angle. 

The intensity of any defects found is then tested by means of larger objects up to 
50 or 60 mm. in diameter, if necessary, bearing in mind that the larger the object used 
the more care is required in fixing a definite limit, as the edge of the object may be seen 
while its centre is still in a blind area. The seeing field found previously is then 
tested in the same way with a 1 mm. object, giving an angle between 11’ and 13’, accord- 
ing to the radius, in order to elicit or exclude defects of lesser intensity. Other test- 
objects may be used according to the requirements of the case ; the method described is 
a practical and satisfactory routine in the first instance. 

Tiine will be saved and the patient’s power of response conserved by concentrating 
attention on defective areas so as to bring out features of diagnostic importance while 
treating the remainder of the field more superficially, but still adequately. Thus, in a 
case of relative hemianopia, for example, in which the state of one side of the fiel requires 
the use of several test-objects for satisfactory examination, it is gas to 
demonstrate rapidly the integrity of the other side, its precise extent ie y a matter 


of importance. 
The Examination with Colours 


Colour testing is carried out in a similar way with bie? graduated sizes. 
Although many of the results obtainable by colour tests a aps more easily and 
more accurately secured by the use of small visual angles ite, this method by no 


means supersedes the use of colours which, in ER s of defect, give valuable 


information. 

The test demands more from the patient as it is AO) for most persons to say whether 
a white test-object is visible or not than to s af? phe moment when an object already 
visible and of apparently indeterminate col acquires a definite hue, To obviate 
this difficulty Roenne adopts a “ compags st and makes the criterion of the limit 
of the red field, for example, not the pa Where the patient thinks he can recognise the 
red colour, but the point where he Ae red from green. The patient should be shown 
the colours beforehand in large co to make sure that he can recognise and name 
them, and the observer muste y himself that the colour is recognised by its hue and 
not by its shade. During \z:; it is better that the patient should not know what 
colour is being used, as advantage of having the objects differently coloured on 
the two sides, so NN lour may be instantaneously and silently changed. As with 


observations should be made, and the first few results dis- 
D 2 
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‚ it is usually necessary and always advisable to inp 
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carded. The test most useful to commence with is a 10 mm. or 5 mm. red. The same 
zigzag movements are employed, and the point at which the colour is recognised, not 
that at which the object is seen, is noted. Different sizes or different colours may be used 
as the occasion indicates. 

Colour testing has the advantage that a delicate test is provided with a compara- 
tively large object. It is chiefly useful for studying the relation of the colour fields to | 
those for white, for examining the quality of relative defects or doubtful areas found by 
white tests, and for making sure that an apparently normal field really attains the normal 
level of acuity. Colour testing cannot be replaced by the use of small visual angles 
with white. 

Recording is done by marking the field on a chart by hand, memorising several 
meridians at a time, or, better, by dictating the figures to an assistant who notes them 
down in sequence and at the same time sketches in the field. It will be found best to 
depict the field as it appears to the patient (see Chapter I). The name of the patient, 
vision with correction, and date should be included. The sizes of the objects used must 
not be omitted, and are best noted as already described by using the object as the 
numerator and its distance from the eye as the denominator of a fraction, a method 
which has the advantage of indicating all the factors concerned. 

Perimeter examination should be regarded as mainly a method for determining 
the condition of the intermediate and peripheral zones of the field. The central area 
and the blind spot may be quickly explored, but the patient’s endurance should not be | 
tried by spending too much time in working out intricate or difficult details in these 
parts as they are much more rapidly and efficiently dealt ayh by the screen. 

(3) Examination by Bjerrum’s Screen.— Following the rer ation by the perimeter, 

gate the central 30° of the 
field, using a small visual angle. This is mage or 2 the distance of the test- 


object from the eye up to 4 m., if necessary or 2m. are convenient distances. 
Roenne works at 2 m., which is undoubtedl Nè ost satisfactory distance for the great 
majority of cases. In neurological worke\Wglker found the most useful distances to be 
1,000, 1,500, 2,000 and 2,750 mm. Thę orfater the distance the larger is the projection 
of the defect, but beyond a certain Pint practical inconveniences arise. 


The purpose of the screen te not merely to diminish the stimulus, which can 
be done in other ways, but tggncrease the area covered by the projection of defects | 
so that they may be more xand accurately mapped out and analysed. It is only 
in this way that the detaj rge central defects and the size and shape of small ones 


can be demonstrated: Y he same time the screen test should never be regarded as 


replacing, but as entary to ordinary perimetry. 
The 2-m. «a a distance of 2 m. is greatly to be preferred, though much can 
m 


be done with smäller screen at 1 m. if space is restricted. The method is the same in 


either case,” in the following description, it is assumed that a 2-m. screen at 2 m. is 
being use 
P tient is comfortably seated at the distance selected and the lighting is arranged 


EN imetry. Care is taken to see that the head-rest is comfortable, though for rapid 
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work in simple cases the rest is not essential. A fixation point adapted to the visual | 
acuity is chosen. A dull grey disc about a centimetre in width, but larger and white if 
vision is poor, is suitable, and is attached to the centre of the screen by a pin with a dull 
black head about 3 mm. in diameter, so that it appears as a circle with a black centre. 
For fine work very close to the fixation point, the disc should be very small. If the 
centre of the screen is not quite on a level with the patient’s eye no great harm ensues 
as the error introduced is mainly at the periphery of the screen and is very small at 
2m. This error may be compensated for by slightly tilting the screen forwards or 
backwards to bring its plane perpendicular to the visual axis. 

When very small visual angles are being used it is desirable to correct the patient's 
refraction for the distance, and the appropriate lens, which should be circular and 
large, is conveniently attached to the brow by adhesive plaster, or may be placed in a 
frame so arranged as not to interfere with the visibility of the test-object.* The 
examination should again be systematic, commencing with the right eye, if it is to be 
examined, and beginning with the blind spot. 

A white test-object of about 20 or 30 mm. is suitable. It is first placed near the } 
edge of the screen on the outer side of the field slightly over 20° from the fixation point 
and about 5° below the horizontal meridian. Having ascertained that it is seen there, 
it is moved towards the fixation point, when it should disappear at about 18° and 
reappear at about 13° from the centre. At these points pins are rapidly inserted by the 
unemployed hand, and the observer makes sure that the test- -object 1 is not seen when 
placed between them. Then from this point as centre the blind spot is SS slight 
to-and-fro movement always being employed before the exact boundary 1 d upon. 
The point where the edge of the test-object becomes visible should be 
until the blind spot is demarcated by eight or more pins at approximgfe 
If no defect has been found by the perimeter, the field is now ma 
or 1-mm. white test (visual angle 3-4’ or1-7’).t The O 
less than 1 foot per second, with little excursions at rig oe 

f 


be moved at a rate 
to its line of progress. 
With centripetal movements carried up to the fixation this way the boundaries 
of the field are pinned out rapidly at intervals of 45 or T any part a pathological 
change appears to be present, attention should ri N upon it, and tests made 
at intervals of 10° or even less. The test-obje ld be moved radially, circularly, 
and in any and every direction which may s itself to the examiner for the better 
elucidation of the condition found, always g boundaries by to-and-fro movements 
at right angles to the edge of the def rea. Care should be taken not to let: the 
test-object touch the cloth surface 2O it may not become soiled. It should be held 
several inches in front of the screen e edges, and turned towards the patient so as 
to reduce the error which natu = Sa at the periphery. 

The normal field for RT test should extend to nearly 26° all round, thus 


ightly alters the visual angle subtended by the test-object and the extent of the 


* The use of a lens in this LS 


field found (see Roenne, 217 
+ The 2-mm. object for INS inct and reliable test, and is, perhaps, preferable to the 1-mm. for those who have not 


much experience of EN 
should be warned to EN N to the holder. 


n practised hands the 55g» OF an even smaller test, is quite dependable. The patient 


00? 
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| occupying almost the whole surface of the screen. A close search should be made for 
MW defects near the fixation area and around the blind spot.* The object may be passed 
il several times vertically across the area between these two points to exclude arcuate 
‘| and centro-ceecal defects, and the field immediately above and below the horizontal 
Ml meridian on the nasal side should be examined to exclude Roenne’s nasal step. 

Finally, colour tests may be used with the screen. They are valuable in the final 
| search for defects whose intensity is so low that they are not disclosed by a white test 
i as small as 5555, or are only suggested by doubtful areas, and also in examining the 
| boundaries of defects near the fixation point, and in other ways. They should be used 
| quickly, and the largest object which will show the defect should be used. Objects 


| between 5 and 15 mm. are useful, and they may be used as small as 1 or 2 mm., but these 
i are only of value for examining the area immediately around the fixation point. When 
| using minute coloured tests the fixation point should be small and dull. With small 
| 
| 


visual angles for white and colour, exhaustion with restriction of the field is apt to occur 
in certain cases unless the procedure is rapidly carried out. 

Should neither the perimeter nor the screen examination conducted on these lines 
i reveal any defect, the field may be regarded as normal, at any rate on that occasion. 
| A less detailed examination is inadequate and does not provide the evidence on which a 
sound opinion can be based. If it is wished to make a more exhaustive search, the visual 
angle may be reduced by using an object smaller than 1 mm. or, much better, by 
increasing the distance of the screen from the patient. Objects smaller than 1 mm. are 
difficult to obtain, preserve, and use, while the influence of = We and other external 


factors becomes relatively greater. 

If defects are found they are analysed by wing BRS hite objects until one is 
found which is seen in the impaired area, unless, o rse, the blindness is absolute. 
A sufficient number of isopters to show the state N vision in all parts of the central 
area of the field is then mapped out. 

It has been pointed out that the perim s adapted for the examination of the 
peripheral field and the screen for the @) area. The employment of a combined 
method when the whole or part & ct is in the central area leads to saving of 


time. The test-objects used with perimeter are carried in to about 25° from the 
| fixation point only, and the blind sand central field are examined on the screen with 
al test-objects subtending the sa isual angles as those used with the perimeter. Thus, 
il if 5mm. and 1-mm. objects a éd at 330 mm. radius, the same isopters may be mapped 


il out in the central field “a i. and 6-mm. objects at 2,000 mm. Although the same 


visual angles do not a give quite the same fields at different distances this method 

ii is sufficiently acc nd in every way much more efficient and satisfactory than | 

iil the examination Khel defects at a short radius. & 
ameter and screen examination, when the patient’s answers appear 

js useful suddenly to conceal the test-object or turn it edgeways; 4 

place it over the blind spot, as this verifies fixation also, while still asking 

| GANS is seen. Such a check is not infrequently necessary. It will also be found 

| * MY sibility of the presence of narrow scotomata here, due to the trunks of the vessels, should be remembered. 


METHODS OF EXAMINATION 39 


T that better results are often obtained as the examination progresses, since the patient 
acquires facility in concentration and in responding, but in some subjects after a certain 
e point fatigue sets in, and results become uneven and untrustworthy. This should be 
l avoided by testing the eyes alternately for short periods and giving occasional rests. 
The best work can be done with patients who have had some practice. When patients 
l are dificult more reliable results are often obtained with the screen than with the 


t perimeter ; they seem to find the screen examination easier. Sometimes, however, the 
e opposite holds good. 

] In dealing with small visual angles, such as 5’ or less, findings showing slight 
s deviations from the normal field need not be regarded as necessarily due to disease, 
e unless associated with characteristic features. Thus, within limits, the shape of the field 
N is more important than its size. 


l If the screen is marked in concentric circles whose value is known, after the method 
r | of Roenne, charting may be done directly during the examination even without previously 

pinning out the field, and this is no doubt an expeditious method of obtaining a record if 
S the examiner is sufficiently expert. The marking with pins may be very rapidly done, 


without the patient ceasing to maintain fixation, and has some advantages. The field is 
seen to grow under the observer’s eye, and as its character becomes apparent the method 
of examination.may be modified to suit it, while doubtful parts may be gone over again. 
If the screen is unmarked the findings are transferred to the chart by a tangent scale, 
such as Sinclair’s rule, aided, if desired, by a protractor on an adjustable ER During 


Bi VS N mm Se 


charting the patient is resting with both eyes open. If possible, the fig may be 
dietated to an assistant, as with the perimeter, thus saving time. ow: course, 
3 not necessary to chart each record separately; if three objects eing. used 
the isopters can be rapidly pinned out and then all charted togeth, arger numbers 
| of observations (i.e., more isopters) may be desirable occasi , but are usually 

unnecessary in ordinary ophthalmic practice. 
Scotometry hardly requires special mention, as it is mgedy De application of the prin- 
ciple and method of the screen test to the examination o isot or apparently isolated 
i defects, and should neither be thought of nor practised N apart from perimetry. 
During the systematic examination of the field scot) a are discovered as a matter of 
' course, and should be investigated in the samgsyyay with graduated test-objects. It 
is most undesirable that the peripheral part e field should be left uninvestigated 
| in cases in which a scotoma is a propo and easily detected feature, though, 
| unfortunately for ophthalmic science, th clinical procedure, in the hurry of a busy 
day, is apt to cause attention to Ge upon the most intense portion of the defect. 


A patient, on account of the way Ke dgscribes his symptoms or reads Snellen’s or Jaeger’s 
i types, may often be known at opce ave a scotoma. A rapid test with a single size of 
object, usually coloured—ha; ) match-head, etc.—demonstrates the existence of an 
isolated defect for that t Qu the matter is settled. It is largely on this account 
that we know less ab e defects than we should, and it is unnecessary to describe 
here the mms ON advocated for the detection of scotomata which, however 
well they may full Mat function, are usually of little use in enabling us to understand 


aS 
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scotomata. When a field containing a scotoma is properly examined by the quantitative 
method with perimeter and screen, it is not infrequently found that the scotoma is not 
entirely isolated, but is connected with the periphery by an area of depressed vision. 
With the screen, for instance, the test-object may be made to traverse a narrow arcuate 
scotoma from blind spot to periphery without being seen by the patient in a way which 
would be difficult, if not impossible, with a rotating scotometer. It must be emphasised 
that not only the position and extent, but also the nature of a scotoma is of importance ; | 
it that is to say, its shape and its intensity, especially variations in intensity in different 
| parts, and the steep or sloping gradient of its edge. For the investigation of such 
| details the screen at 2 mm. is the best instrument, and an adequate analysis entails the 
i exploration of the defect, projected on as large a scale as is practicable with graduated 
ii test-objects, so that the isopters indicating its true character may be properly mapped 
out. 

For the examination of minute central scotomata, Marx strongly advises the use of 
the ring type of fixation object so that the exact centre of the field may be examined 
against a black background. A ring of grey or white paper whose internal diameter 
corresponds to 3 or 4° may be used. 

In certain cases, such as homonymous hemianopias, in which it is desirable to 
compare the fields of the two eyes in regard to their congruity or incongruity, special 
care should be taken that the technique with both perimeter and screen is in no way faulty. 
If the fixation point is too small it may fail to be seen as the examination proceeds ; 
if too big it may lead to unsteadiness of fixation. The patient must not be allowed to 
become tired ; the position of his head must be the same S the examination of both 


fields, and a sufficient number of isopters should be ¢ o enable a fairly definite 
conclusion to be reached in respect of sloping bound Tt is sometimes advantageous 
to examine the fields alternately with the different Sutter than to test one completely 
before passing to the other, and to note the KO which the tests were employed. 


Choice,a Diet 
When pathological changes are bei i amined by any method the examiner should 
never adhere to a fixed routine. ah in regard to the size of the test-objects 
should the requirements of each e considered, otherwise time may be lost and 
the patient fatigued before thegepsential characters of the field changes are determined. 
As a rule good central gut the use of a small object, and bad vision a 


large one. Q) 
A few trials will NN Ow which objects are most suitable. Such objects should be 
chosen as will Ryan the nature of the case, and elicit and illustrate its clinical 


il | features. In seanghijg for the presence of changes it is well, in the first instance, to use 


| objects whose jsopters do not lie close together normally. If the field is normal for L 
ii the next tes ld not be larger than =, and if that shows no defect on OF sop OF 


iM a suitabl ur test may be used. On the other hand, in examining the relation of the 
Ko those for white, care should be taken that the test-objects used are as nearly 


| colo Ss 
i) as IS e of equal value, t.e., that their isopters in the normal field lie close together. 


+ 
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ive _ When estimating the intensity of defects the extremes may be rapidly ascertained by 
ot | using first very large and very small visual angles; gradations may subsequently be 
mn. filled in if desired. When small visual angles or colour tests are used the normal position 
ite of their isopters must be borne in mind. Symptoms should be explained, if possible ; 
ch thus, in a case of glaucoma, or of tobacco amblyopia, with R.V. = § and L.V. = 5, 
ed the charts should show how it is that the vision of the one eye is less than that of the 
e; other. They should show the character of the invasion of the fixation area. 
nt It is this proper selection which makes perimetric work easy and successful, while an 
ch injudicious choice may produce results of little value, and render the examination 
he unsatisfactory and inconclusive. 
ed Finally, it may be noted that in order to obtain the full benefit of perimetry in 
ed providing its share of the evidence on which diagnosis and prognosis are based, more 
than one examination is not infrequently required, constituting, in fact, a perimetric 
of study, although in many cases a single sitting will be found sufficient. 
ed 
er To recapitulate the procedure of field testing : The presence or absence of a gross \ 
defect is first ascertained. Where this is absent the periphery may be tested by a visual 
to angle of about 10’ or 20’, and by colour tests, such as 2 or 5, red. If normal results 
al are obtained the screen may be resorted to without spending further time over the 
y. perimeter. Using a sẹ OF xø test the blind spot is rapidly mapped out, and the 
jc outer limits for that object ascertained. Finally, coloured tests down to xen Ted may be 
to ‘used, or, if necessary, the screen may be removed to a greater distance. ‘ 
th Such an examination can be rapidly completed, especially if ay is not 
te required. 

18 When defects are found they must be examined with suitable test en to illustrate 
ly the special features of the individual case and routine should beav¥ided. The use of 
small white test-objects is not to be regarded as a substitute Oe testing. 

A purely diagnostic examination including both fields ep be completed in 

about twenty minutes, but if careful analysis and JS) arts are required more 
d time is necessary, or even a second sitting. 
s Essential points are rapidity of execution and om for the patient, with relaxation 
| during intervals of examination. If the patient uld become tired it is better to 
l. postpone the remainder of the test. Q) 
a 

gg Light 

e While it is true that moderate ion of the illumination does not cause any 
il notable depression of the field uf a al case, at least until the light is so dim that 
e the fixation point becomes hardlwwuifible, this is not the case in pathological conditions 
2 in some of which relative de of low intensity may be considerably accentuated. In 
T conditions affecting the o ayers of the retina useful information may be gained by 
e testing the field in a gi t when defects, especially relative blue blindness, not well 


y brought out other A ay be disclosed or accentuated. For the most part, however, 
m little information red which cannot be obtained by the use of small visual angles. 
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The method is clinically useful in some cases in that it enables large test-objects to be used, 
and demonstrates the qualitative nature of the defect. Without special means it is 
not easy to record the amount of light used, and this is best gauged by the effect on the 
observer’s own visual perception. 


The Examination of Peripheral Vision in the Dark-Room 


1. THE EXAMINATION OF THE SENSE OF LIGHT-PROJECTION 


This is the most commonly employed and most useful form of examination of | 


peripheral vision in the dark, a method specially adapted for the investigation of cases 
in which ordinary perimetry is impossible owing to bad vision depending on opacities 
in the media. The patient is seated and asked to look straight before him, if his vision 
is very poor he may be asked to look where he hears the voice. A beam of light, con- 
veniently obtained by means of an ophthalmoscopic mirror, is directed from a peripheral 
part of the field on to the eye under examination, the other being securely covered, 
and the patient is required to indicate from which direction the light proceeds. No 
other light should be allowed to fall upon the eye. 

In this way the whole field is examined, including the central area. The test 
finds its application usually where the state of the iris, lens or vitreous precludes the 
usual methods of examination, and is chiefly used in examining cataract cases. 

The indications afforded by this method may be shortly referred to here. Should 
the perception of light be good and its localisation acckrate, it may usually be 
considered that the retina and optic nerve are healthy anager There are, however, 
certain exceptions. Vision is sometimes retained to a n extent in a detached area 
of the retina and in other conditions without markgffüfferference with light projection, 
and thus hopes based on operation may be disap d. On the other hand, if retinitis 
pigmentosa is present the peripheral light Paes n may be bad, and yet the patient 


may be benefited by removal of catarae oO cient central vision may still remain 
to be of value. | 


2. Darisgoom PERIMETRY 


Perimetry in a dark-room wM&bJ luminous test-objects has been advocated for 
some years. The appliances already been discussed. Practical considerations 
seem likely to prevent this od being widely adopted as a clinical procedure at 
the present time. Unl @s tient is confined for about forty minutes in darkness 
the process of adaptat] NY not complete and stationary and confusing factors may be 
introduced. Althge®INthis method has been advocated as specially useful in certain 
conditions, such Bee rei of the retina, it has not yet been shown to produce 
more useful ye than those obtained by the use of small visual angles in daylight. 
e impairment of the light sense is, as far as we know, the earliest 
inished nerve conductivity, it is possible that there may be a field in 
or perimetry in reduced light in the diagnosis of the incipient stages of 
mar ditions affecting the visual path. 


A 
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In all its various methods, though not always in the same degree, perimetry, it is 
essential to recognise, is a highly subjective form of examination ; an examination of 
the patient’s sensations as described by himself in answer to questions put to him by 
the observer. The results obtained depend on the influence of several factors of which 
the state of the visual pathways and centres forms only one, though, of course, nearly 
always the most important, and their value varies with the ability, experience and 
discrimination of the perimetrist in distinguishing and eliminating the less essential 
features. The scope of perimetric examination is limited on the one hand by the 
nature of the tests involved, and on the other by the capacity of the subject to respond 


‘to them. Demands are made upon attention, concentration, intelligence and reaction 


time as well as upon vision by tests which, in comparison to tests for a physical 
problem, are relatively crude, and, in addition, suggestive influences, unless carefully 
guarded against, are constantly, if unconsciously, passing from the examiner to the 
subject. 

In perimetry the personal equation and training of the clinician are of great 
importance and no form of ophthalmic examination makes greater demands upon 
him. 

Perimetric charts, therefore, should not be regarded as conveying a mathematically 
accurate and precise expression of the state of peripheral vision, but require to be 
interpreted liberally with a knowledge of what perimetry entails and of the special 
nature of each case. What is really essential is that such charts should be cqmparable 


one with another. It has been pointed out that our methods of examinagQ involve 
various errors, but if the same method under the same conditions 1s a o every 
case, and to every examination in the same case, the influence of s rrors will be 


negligible as far as clinical ophthalmology is concerned. 


of glaucoma simplex, in which fixation is good, and sho en proceed to the 


examination of the hemianopias and of tobacco TO) 


The beginner should endeavour to acquire a good Er, the study of cases x 
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CHAPTER IV 


PHYSIOLOGY OF THE VISUAL FIELD IN RELATION TO CLINICAL 
PERIMETRY 


In applying tests of the kind suggested to the examination of the field it is well 
to remember some of the more essential features of the response of the visual nerve 


mechanism. We have seen/ that /perception is less acute at the periphery of the field 


than in the centre, and that our estimate of the value of different parts of the field is 
based upon what can be perceived there during fixation of the eye. 

In perimetry the image of a white object upon a black background falls upon the 
retina, and, as a result, the power of perceiving white in that area of the retina is 
rapidly used up, so that, if fixation is steady, the white object will gradually fade away 
entirely. At the same time, however, the surrounding retina is becoming more efficient 
for the perception of white, so that if the direction of fixation is slightly altered the 
white object is immediately seen again and very brightly. If fixation were absolutely 
steady and all objects in the field stationary, they would gradually disappear—those 
peripherally situated first, and finally the object fixed—but would reappear as soon as 
a slight movement of the eye caused their images to fall upon an adjoining part of 
the retina. This can easily be demonstrated by placing ran more large white objects 
on the 2-m. screen at different distances from the ce al) which a 5-mm. object is 
attached. Steady fixation of the latter rapidly produce ppearance of the eccentrically 
placed objects, which reappear at once if fixation j 

Under normal conditions the continuous ion of objects is made possible by 
a slight rapid movement of fixation over pens ce of the object regarded, excursions 
up to about 5’ in extent being made in Ga Yow ) As a result the area of the retina 

e of 


which is used to receive the image of th jest fixed is larger than the image, and thus, 
while some retinal elements are ER cally active, others, which will be brought into 
use the next instant, are Sur nd becoming prepared for the efficient reception 
of the image. The movement ef tie visual axis moves the whole field and influences 
the perception of peripheral s in the same way. 

Similarly the image oured object, red for example, on a part of the retina, 
uses up the power of Wing red and increases the power of perceiving its comple- 
mentary colour, gre that spot, while the surrounding retinal elements become 
favourably snp fara the perception of red and unfavourably towards that of 


If a very point is required for the examination of the immediately central part of 


green. 
The one should, therefore, not be too small and should have a black centre. 
the SS ould be replaced by a slightly larger one when that part of the examination 


is d. The test-object, white or coloured, should be kept moving slightly. 
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Seams or marks on the perimeter arc or on the screen are of little or no consequence if 

not sufficiently numerous or large to alter the character of the background. | 
These physiological processes in the retina appear to have little influence upon 

the results of perimetric examination under ordinary circumstances. The breaking 

down and building up processes mutually support each other, and the retina does not 

get tired and refuse to function. Variations in response are due to variations in central 

rather than retinal function, and the terms “ retinal fatigue ” and “ retinal asthenopia ” 

have probably a much more restricted significance than is frequently attributed to them. 


ell 
ve A patient’s field often becomes wider for a small object after he has been examined for 
Id some time, when his interest and attention are aroused, and it soon becomes smaller 


when he—not his retina—becomes tired. A slightly subnormal power of concentration 
with flagging attention leading to an apparent oscillation or stammering, as it were, of 
he perception, may be the explanation of certain concentric ring scotomata noted by some 
observers. The weaker the stimulus the more likely will such phenomena be to appear, 
hence the usual peripheral situation of physiological ring scotomata. 

This aspect of the physiology of vision is of special interest in connection with 
functional field changes into which the element of suggestion enters, so as to emphasise, 
exaggerate, and distort normal conditions. 
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PART II 


APPLIED PERIMETRY 
INTRODUCTORY 


THROUGHOUT the sphere of medicine experience has taught us not to rely on any one 
sign or symptom as affording conclusive evidence in diagnosis and prognosis. Such a 
rule, while applicable in varying degrees to different cases, is always of value in drawing 
attention to the desirability of basing our views upon a complete clinical picture in which 
all the features are presented in proper proportion and perspective. 

Obscurity of vision with apparently clear media, thus presumably depending on some 
affection of the nerve mechanism of sight, constituted the “ Gutta serena,” “ Black 
cataract ” or Amaurosis, and, when incomplete, the Amblyopia, of the older writers. 
Mackenzie, whose notes on hemianopia are still not unworthy of our attention, regarded 
this condition as “ merely a peculiar variety of amaurosis,” and gives a list of no less 
than fifty-three forms of amaurosis under the headings, Retina, Optic Nerve, and Brain. 
He knew that amaurosis was “ a mere symptom,” and that treatment must be directed 
towards the cause. In regard to diagnosis, however, he is almost silent, only pointing 
out that it may be easily confused with glaucoma and emphasising the importance of 
distinguishing incipient amaurosis from incipient cata eferring to the gradual 
loss of vision in the latter he says, “ Whereas, in WA's) , the attack is often sudden, 
and being partial is described as a dark spot or spo upying certain parts only of the 
field of view. . . .” This and some remarks in ction with hemianopia seem to be 
his only references to the field of vision. O 

Such was the position a few years hefoke pphthalmoscopy and perimetry had come 
to the assistance of the ophthalmic sudgeo}, Whose unaided gropings, when all is con- 
sidered, had been really extraordinaly Siccessful. The fourth edition of Mackenzie’s, 
book appeared in 1854. About th time the ophthalmoscope began to be used and 
Von Graefe drew attention to tag infportance of the examination of the field of vision. 
As a result, the term “ amau has become merely a synonym for blindness without 
obvious cause, and Mack fitty-three varieties have been duly assigned to their 
proper positions, whilaWdddition, the prognosis as well as the diagnosis of many 
previously obscure_c ions has been enormously advanced. 

It is, then, mi n regard to conditions which were formerly grouped under the 
terms “ amaurogis ““Aind “ amblyopia,” including, as in all probability they did, many 
cases of nn eed glaucoma, that the evidence obtained by perimetry forms an 
important, times indeed the chief, feature in the composition of the clinical picture. 
Viewed J proper relation to other methods of investigation, perimetry is indispensably 


1 
N N with the subjective examination of the eye in the same way as ophthalmoscopy 
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is with the objective. While its most striking and most valuable advantages are in 
connection with diagnosis, especially of affections of the visual nerve path and centres, 
evidence throwing light upon the normal anatomy of these structures is constantly being 
provided. Much information has also been gained with regard to the mechanism of the 
production of symptoms and the anatomical and pathological conditions underlying 
many visual affections, enabling their prognosis to be placed upon a surer footing and their 
treatment upon a more rational basis.* 


In clinical work it will be found that the conditions in which perimetry is of value 


may be grouped somewhat as follows :— 
(1) Those in which the media are clear and the fundus-oculi normal. 
(2) Those in which ophthalmoscopic evidence is available but requires amplification 
and explanation. 
(3) Those in which the media are partly obscured, making ophthalmoscopic 


examination impossible or inconclusive and in which disease of the retina 


or nerve-path is suspected or should be excluded. 

The situation and extent of the visual nerve-path in the brain indicate the importance 
of perimetry to the neurologist and the cranial surgeon, and yet, owing no doubt to the 
unfortunate present tendency towards the isolation of specialties, the symptomatology 
of intracranial lesions offers a territory still largely unexplored by modern perimetric 
methods. Signs are not wanting, however, that neurological perimetry is developing, 
and the wider adoption of the perimeter and screen as the »sthesiometer of the second 
nerve may be expected in the near future. Ņ | 

n &tent ag in 


* Uhthoff (275) wrote in 1900: “ In no nerve territory is functional testing elaborated to s 
connection with the optic nerve: .. .” 
The significance of perimetry in diagnosis and prognosis was foreseen by Berry (18, p. 117), hy ek Een: 
it is evident that there are many points of diagnostic importance to be gathered from an examinagm the field. . . . But 
there can be little doubt that in the thorough examination of the relative as well as absol fiMactional activity of all 
parts of the retina we possess a means of immense value in the localisation of intracranial But it is not merely 


as a method of diagnosis that this examination deserves attention: in many cases "eC e most delicate means of 
? 


ascertaining the course taken by any disease, especially when of intracranial origin.’ 


CHAPTER V 


THE PATHOLOGICAL FIELD 


y In conditions of disease which give rise to impairment of the visual function this 
impairment is manifested as an alteration in the visual field. Regarding the field as a 
circumscribed area, such alterations appear as reductions of the extent of the area or 
vontractions, or gaps or voids within the area or scotomata. 

Reverting to the simile of a hill of vision surrounded by a sea of blindness, we can 
imagine the hill sinking into the sea so that its circumference becomes reduced, or we 
can imagine the sea washing away the land while the remainder of the hill retains its 
original form. There are, therefore, two possible types of change, the depression type 
and the coast erosion type, and these may be combined. 

A depression may occupy the whole or any part of the field and may be of any 
shape, size, or depth, with flat, conical or uneven floor, and sloping, steep or precipitous 
edges. It may occur suddenly, rapidly, or slowly, and may increase, fluctuate or 
diminish. These features constitute its characters. 

Pure peripheral loss the retained part of the field being normal, the coast erosion 
type, is rare, if indeed it ever occurs, but is not infrequently I" approached in certain 


forms of disease. 
y In order to understand these field changes we meh ore, think of the field as 
a surface which rises and falls, and not as an area whitfeontracts and enlarges. 
The nature of the field defect is shown by craters which should always be 
systematically examined. 
These are: (1) Position; (2) shape; ize; (4) intensity; (5) uniformity ; 


(6) margins ; (7) quality ; (8) a Ai rse. 


As the field of vision is always,sc tically represented on a chart, it will be 
convenient to adhere to the sent ging of field changes, although this is based 
on the idea of a contracting and nding area. - 

Two main groups may be @inguished : the contractions and the scotomata. 


Oy Contraction of the Field 


Position and shape be considered together. 
(1) Position a hape.—A contraction or restriction is a defect which affects 
the periphery. Wher the contraction becomes extreme, the central area is involved. 


Contraction K bè Concentric or local. 


Concentric? etion. In concentric contraction the whole periphery is more or 
less equall icted so that the field is reduced in size without much alteration in shape. 
C ic contraction is, as has already been stated, nearly always a general or 
EN depression of the field rather than a mere restriction of its peripheral limits. 
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Such a depression appears as a concentric contraction if only one peripheral isopter is 


~ demarcated ; if several are determined the true state of the field is immediately disclosed. 


The relationship of the isopters (Fig. 2), which lie close together at the periphery, but 
are more widely separated in the subperipheral and intermediate zones, especially on 
the temporal side, shows that a low degree of general depression does not produce a 
demonstrable contraction of the peripheral but of the internal isopters. The early 
stages of general depression are, therefore, most easily detected by using a test which 
corresponds to an internal isopter such as a colour test or a small visual angle for white. 
The area immediately outside the blind spot is especially weak, so that in a slight degree 
of depression the isopter for sy falls to the nasal instead of to the temporal side of 
the blind spot. 

When depression is sufficiently advanced to produce an obvious restriction of the 
peripheral isopters the contraction is greater on the temporal side, since the gradient 
slopes less steeply there than on the nasal side. Before the stage is reached at which 
the nasal isopters also begin to show contraction the limitation may appear to be con- 
fined to the temporal field simulating a temporal, or if bilateral, a bi-temporal “ con- 
traction.” This is, of course, not the same thing as bi-temporal hemianopia. Uniform 
depression suggests the probability of a functional as against an organic cause. 

As a rule, the depression is not uniform, but greater at one part or another. When 
it is entirely or mainly peripheral true peripheral contraction (coast-erosion type) 18 
present, but this is not as common as the familiar use of the term suggests. 

A special form of concentric contraction is the “ tubular ” field. The depgession is 
severe and involves the whole field with the exception of an area surrou digiehe fixa- 
tion point, producing a great and often extreme contraction. The line en of the 
field is found to be the same at whatever distance the examination is out, so that 
the projection is apparently cylindrical instead of conical. Such Q are obviously 
of functional origin. In other cases of an allied nature the ion—and with it 
the concentric contraction—varies in degree as the examin mivproceeds, giving rise 
to the spiral field or to a star-shaped field respectively w meridians are tested in 


consecutive or alternate sequence. 


Depression of the central field alone with app Soy intact periphery is demon- 
strable as concentric contraction of the central iso LOR This is a little recognised 
defect which might perhaps be more accurately Gi as a form of scotoma. 
In widespread depression, the existence Oy 
type is no proof that foveal vision is un Q) 
be considerably lowered before vision is 
In irregular concentric contraf£tio 
way that the isopters are no longe 


he central peak of visual acuity may 
ed below the # level. 

e depth of the depression varies in such a 
roximately circular, but show an indentation at 


one part or another. When A. in the less affected part of the field is minimal 


this type of defect merges 1 e local contractions. 
Local Contraction — I4. contraction only one part of the field, including 


the periphery, is we An important form is the sector defect. Sector defects are ` 


depressions art 
CE. 


actly defined by two radii of the field. /The sector may be 


E 


ctically full vision ($to $) by Snellen’s ‘ 
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Fie. 16.—Typrs or HEMmIaNnoPIA (DIAGRAMMATIC). 


A, Horizontal or altitudinal. B, Bitemporal. C Bitemporal crossed quadrant. D, Homonymous. E, Homopymous 
ower quadrant. 
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only a narrow wedge or may occupy a large part of the field. Two separate sectors are 
sometimes involved. 

Sector defects bounded by vertical or horizontal diameters of the field are hemaanopic 
defects. A quadrant defect is bounded by vertical and horizontal radii. When the 
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Fic. 17.—Tue Errect or BITEMPORAL HEMIANOPIA UPON THE BINOCULAR FIELD. THE SHADED AREAS INDICATE THE 
Lost UNPAIRED PORTIONS. 
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Fic. 18.— Tax Errect or A Lert Homonymous HEMIA Yeon THE BINOCULAR FIELD. THE SHADED AREA INDICATES 
THE UNPAIRED PORTION OF THE ret D, IN WHICH UNIOCULAR VISION IS RETAINED. 


boundaries are not straight the he opic defects are irregular. The term “ hemia- 


nopia ” (syn. hemiopia, “niger is used to indicate a defect occupying half the field, 


usually a vertical half. A um 41 hemianopia is a hemianopic defect of one field only, 


= and, therefore, of subchja rigin, though, if partial and limited to that part of, the 
uniocular field which NS ired in the binocular field, it may be due to a suprachiasmal 


interference. N 
oS 
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It is preferable to reserve the term “ hemianopia ” for bilateral field defects pro- 
duced by a single lesion which must be chiasmal or suprachiasmal in situation. True 
hemianopia is, therefore, a defect of the binocular field. It is evident that bilateral, 
symmetrical, subchiasmal lesions of the visual path can produce a somewhat similar state 
of the binocular field, but in this case a combination of independent hemianopic defects 
rather than a true hemianopia. 

Hemianopia is homonymous, right or left, when the corresponding half fields of both 
eyes are affected, and heteronymous, bitemporal or binasal, when both outer or both 
| inner half fields are involved. 

Defect or loss of the upper or lower half fields is termed altitudinal or horizontal 
hemianopia. This may be superior or inferior and unilateral or bilateral, and in the 
latter case symmetrical or crossed (one upper and one lower half field defective). It is 
very rarely a true hemianopia, but usually merely a wide sector defect. 

When a quadrant of each field is affected, quadrant hemianopia or tetrantanopia 
is present, and may be homonymous, bitemporal or binasal, and upper, lower or 
crossed (one upper and one lower quadrant) in each case. Hemianopic defects are incom- | 
plete or partial when the whole extent of the half or quadrant concerned is not affected, 
and they may be.relative or absolute. 

Congruous, homonymous, hemianopic defects are equal in the two fields and super- 
imposable, forming a single defect of the binocular field; other homonymous, hemia- 
nopic defects which are unequal either in extent or intensity are incongruous. 

The effect of bitemporal hemianopia upon the binoculgr field is less than that of 
the homonymous form, since only the outer unpaire Q ns of the binocular field 
are lost; the central paired portion is retained, alt vision within it is now only 
uniocular. Such a condition is, however, very RA a similar homonymous hemia- 
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nopia one half of the binocular field is lost, but bi ar vision is retained in the paired 
portion of the remainder. 

The line of the vertical meridian of Ss d which separates the blind from the 
seeing portion may divide the ination YR may pass round it so as to include it in 
the seeing field. In this case the figa area is spared. The amount of the sparing 
varies from a mere trace to over es In rare cases the dividing line may be alto- 
gether several degrees to one sid&oé the vertical meridian (overshot fields), or it may 
lie along a slightly oblique 1 Qjian. The demonstration of the exact relationship of 

> 


the dividing line to the fi n area usually requires very careful examination with 
the screen using delic 
The seeing half- 


may be normal or may be affected in various ways. 
Double hem is present when both right and left homonymous hemianopia 
exist together. e is usually a small central field remaining corresponding to the 
bilateral spara of the fixation area. 3 
Irreg ole defects occur in various forms. They merge into and include those 
known -entering angles.” Many of these changes are wedge-shaped defects, the 
ap Ida the blind spot instead of near or at the fixation point. Their extension to 


th tphery technically separates them from scotomata. A defect of this kind which | 
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rms of sparing of the fixation area. E, Relative sparing, 


Fre. 19.—RELATION or DIVIDING Gy EMIANOPIA TO FIXATION AREA (DIAGRAMMATIC), 
ent 


A, Divided fixation area. 


203). 
(3) The Size or exte, 
to the number and «N 


concentrated N 


B, 6, D; Diff 


has one boundary on the nasth Øizontal meridian is known as the nasal step (Roenne 


eld defects varies within extreme limits and corresponds 
| tıtion of the nerve elements affected. A small lesion in a 
visual path may produce an extensive alteration in the field. 
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In all forms of depression or contraction it is the shape rather than the size of the 
field which affords evidence of value in diagnosis. 

(4) The Intensity, density, or saturation of defects varies from absolute blindness 
to a barely demonstrable impairment of vision. The patient may be quite unaware 
of the presence of a defect of low intensity, and such defects often escape observation 
unless the field examination is exhaustive. 

A defect is absolute when no perception of light exists in the area concerned. This 
should be proved by the use of sufficiently strong stimulation to exclude any degree of 
intensity short of complete loss of response. It will then be found that really absolute 
defects are not as common as a less exhaustive test might lead us to believe. When the 
defect is small it is very difficult or impossible to demonstrate its intensity accurately, 
as adjoining nerve elements may be stimulated by the test employed. In such cases 
the visual engi used should be stated. Thus a small defect may be blind for all visual 
angles up to #, but not for larger angles, and though it is probable that such a defect 
is absolute, this cannot be proved. i 

Relative defects are defects which are not absolute. The frequency with which 
relative as opposed to absolute defects are found depends on the method of examina- 
tion; when this is thorough, it will be found that many defects hitherto regarded as 
absolute are really relative. 

Colour defects or dyschromatopias of whatever type are relative defects and, unless 
slight, are associated with some demonstrable loss of perception of white. Examples 
in which the smallest white test- -object practically availahld is seen are often met with, 
and the quality of a relative defect is more satisfact a erie by eis with © 


of the loss for colour to that for white. Int al field the isopters for colour are 

comparable with those for white, except pe at the extreme periphery. Owing to 

the size of test-object commonly emplo k Nr isopters are usually internal isopters, 
t 


colour. | 
An interesting and important feature gt of defects is the relation 


and, therefore, the colour fields are f be smaller than those for white. Since 
depressions of the field produce th s more obviously upon the internal isopters, 
colour defects may be found to bes or to exceed the field changes found with white 
tests. If the colour test used an isopter lying normally considerably above that 
corresponding to the white Orn apparently initial or excessive loss for colour may 
be discovered, quite sr Soy special impairment of colour perception. A genuine 
difference between th oss and that for white is, however, a common and charac- 
teristic field change. e may be a relative yellow-blue amblyopia (see (7) “ quality ”) 
in impairment »hotochemical apparatus. Vision for colours may be seriously 
affected in associa##6n with good vision for white, or, in other cases, vision by Snellen’s 
types BEN Ce duced while that for colour tests remains relatively good. In con- 


= a true excess of red-green defect over that for white is common, or under 


other, ions the loss for colour may be in accordance with that for white. In the 
se disproportion, in the latter proportion (Roenne 209) is present. To demon- 
SY feature, it is obvious that the test-objects, to give comparable results, should | 
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be such as give isopters which lie close together in the normal field. Roenne states 
= the feld for red „u (114°) should be approximately equal to that for white 
22 (17’) (ü.e., some 5 to 10° within the usual limits of the full normal field). Should 
the red field be slightly smaller than this, say, as small as the field for white z5% (8° 
(10 to 20° within the full boundary), no special inference need be drawn, but if the red 
field is markedly smaller than that for white “ disproportion ” is present and indicates 
an actively progressive process. “ Proportion” between the fields for red and white 
indicates that the condition is relatively stationary. 

(5) Uniformity.— The intensity, i.e., the depth of the depression or the degree of visual 
loss, may be the same all over the altered area, or it may differ in different parts. There 
may be areas of greater or lesser intensity within its limits. The determination of the 
composition of the defect is an essential part of perimetry and frequently provides the 
key to the nature of the underlying condition. 

(6) The Margins may be sloping, steep, or precipitous, according to the distance 
between the isopters at the edge of the defect, in other words, the transition between the 
defect and the seeing field may be gradual or abrupt. The gradient may vary at different 
parts of the edge of the detect aa at different times in its progress. 

(7) The expression “ Quality ” is intended, for want of a better term, to refer to 
certain features elicited by testing with red and blue and by examination in a dim light. 
In the condition known as torpor retin, field changes which appear slight or ae 
with ordinary tests are intensified by reduction of the illumination. A characteristic 
feature is the disproportionate reduction in the perception of blue as compageg\with red, 
so that the recognition of blue, normally much more easy than that of ER ay become 


more difficult. Depression is usually present at the same time, but ma be obvious, 
and the condition may manifest itself as a discrepancy between t s found by the 
perimeter and those found by the screen in ordinary daylig 1 us the fields for 
white +, or blue 4% may be practically normal, while those on 5000 
may be greatly reduced without a proportionate reductig A e case of red. There is 
also reduction in the power of dark adaptation. hanges are present in 
interference with the retinal outer layers. 

(8) The Behaviour or Course.—The onset of defect may be sudden, rapid, 


or gradual. It may remain stationary, progressyalter or fluctuate in respect of any of 
its characters. Both during the development Ohe retrogression of a defect, characters 
previously not evident may become manif S the observation by repeated perimetry 
of such changes may be of great diagn ae hportance. The behaviour of field changes 
is correlated rather to the nature iS) the site of the causal condition. 
II. Scotomata 

A scotoma is an area of dgpressed vision within the field margin surrounded by an ) 

area of less depressed or of vision. It, therefore, corresponds to a lake or hollow 


on a hill, and is surrou y isopters which are not continuous with the peripheral 
t always convenient to adhere to the strict definition, and 


isopters. It is, howe’ N 
the expressions EN r scotomatous area are often used for any defect which extends 
deeply into the NY ithout regard to the exact relations of the isopters concerned. 
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The periphery of the field may be intact or slightly depressed in the neighbourhood 
of the scotoma. A depressed area or channel of varying width and intensity may 
connect the scotoma with the periphery or with the blind spot or with both. This may 
be compared with a lake or tarn draining into the sea. This extension of a scotoma 
to the margin of the field is referred to as “ breaking through.” The characters of 
scotomata are the same as those of other field defects, but certain features require special 
consideration. | 

(1) Position.—A scotoma is said to be central when it involves the fixation area, 
paracentral when adjacent to it, and peripheral when it is outside the central area of 
the field. The terms central and paracentral are frequently used with a somewhat 
indefinite significance and the importance of scotomata of the central area renders a 
more exact terminology desirable. We distinguish, therefore, the pericentral type in 
which the fixation area is more or less equally surrounded by the defect as the true 
central scotoma and reserve the term paracentral for scotomata which approach or 
overlap the fixation area although mainly situated to one side. According to their 
relation to the fixation area such scotomata may be called supracentral, infra-central, 
naso-central and temporo-central. In relation to the blind spot or area ceeca scotomata 
are peri-ceecal when surrounding it and juxta- or para-ceecal when adjoining it, the latter 
including supra-, infra-, naso- and temporo-ceecal forms. The expressions “ enlargement ” 
or“ extension ” of the blind spot are inexact, as the so-called enlargement differs in several 
ways from the physiological scotoma. Lastly, the common and important form which lies 
between and includes or extends to both fixation area and blind spot, corresponding 
in position to the papillo-macular area of the retina, i Q -cæcal scotoma. 

(2) Shape.—The shape of a scotoma is determine ES he way in which the nerve 
elements involved are arranged in the retina :— 

1. Circular or irregular. 

2. Oval. This is nearly always a horiz a, the centro-cæcal form. 

3. Arcuate or annular. Two types m € distinguished : the nerve fibre bundle 
type and the zonular type. Thy rve fibre bundle type follows the lines of 
the arching nerve fibres aßgl appears as an arcuate scotoma passing from the 
blind spot into the or Two opposed arcuate scotomata of this type, 
if equal and symmetgjcaMfnay form an annular or ring scotoma. The blind 
spot is always on g, or, if the ring is incomplete, in the line of the ring. 
The forms kno jerrum’s scotoma and Seidel’s scotoma belong to this 
group and Qi merely scotomata having an arcuate outline. 

lar type the curve of the scotoma, although its concavity 
alwaysflacßs'the fixation point, does not follow the lines of the nerve fibres, 
a complete ring is present it may lie closely around the fixation 
may encircle both blind spot and fixation area. Arcuate scotomata _ 
nular type may involve any part of the field ; those of nerve fibre bundle 
e occur only on the nasal side of a vertical line passing through the blind 


.® 
S spot. Multiple concentric ring scotomata have been described and are 


probably functional in nature. 
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4. Hemianopic. A hemianopic scotoma is a central hemianopia. The central 
field in this respect resembles the whole field in miniature, the apices only of 
the quadrants affected being defective. A quadrant scotoma is one which 
occupies the apex of one field quadrant. The terminology of hemianopic 
scotomata is the same as that of hemianopic defects of the whole field ; 
they may be homonymous, bitemporal, etc. Two or more quadrant scotomata 
may be merged into a single defect, and, nevertheless, remain individually 
distinguishable by other characters, especially intensity. Sparing of the 
fixation area is uncommon in hemianopic scotomata, and peripheral 
congruous homonymous scotomata, though probably they occur, are not 


reported. | 
) The Size, (4) the Intensity, (5) the Uniformity, (6) the Margins, (7) the Quality, 


(3 
and (8) the Behaviour of scotomata present the same features as in other field changes. 


From this survey of the normal and pathological field four essential points emerge :— 

1. The field of vision should be thought of as a hill whose surface sinks and rises, 

| and not as an area whose extent contracts and expands. 

2. The condition of the visual field, whether normal or abnormal, cannot be ascer- 
tained by the determination of one isopter, that is to say, by the use of one 
test-object. 

3. Changes in the field of vision are to be regarded and measured as depressions, not 


as contractions. 
4. In all perimetric work the size of each test-object and its a the eye 
should be carefully selected with a view to the requirement e individual 


case and should be recorded. 
We must now endeavour to ascertain what significance Ö o` be attributed to 


CHAPTER VI 


THE INTERPRETATION OF CHANGES IN THE VISUAL FIELDS 


PERIMETRIC defects form the subjective expression of the site, extent, intensity, 
and nature of pathological changes in any part of the visual nerve path, and it is the aim 
of the perimetrist, firstly to ascertain as exactly as possible the presence and quality 
of field alterations, and, secondly, to endeavour to learn from his investigation what it 
can tell him as to the point affected and the morbid process concerned. The site of the 
interference, as, for example, in distinguishing between changes of subchiasmal, chiasmal, 
or suprachiasmal origin, is estimated by anatomical interpretation, which is based 
upon the shape and position of the field defects, while some guidance may be obtained 
as to the kind of morbid process present by the study of their onset, course and intensity, 


_ that is to say, by pathological interpretation. 


zx 


Since the anatomical interpretation of field changes depends on their close relation- 
ship to the structure of the visual nerve path from the retina to the occipital cortex it 
is essential for the perimetrist to have a thorough knowledge; so far as that is possible, 
of the arrangement of the nerve elements concerned. In ome respects the field of 
vision and the anatomy of the visual nerve path may be x€amled as complementary to 


one another, and much of what is known about eitherag Wale to the study of the other. 
Omitting discussion on doubtful points, of whic are many, let us now examine 
the main anatomical features of the visual m usm which concern the clinical 


perimetrist. xO 


The 

The retina may be regarded as rou of two chief parts, the outer or photo- 
chemical stratum in which N formed, and the inner or conducting stratum 
which conveys these impulses oA optic nerve. For our present purpose it is 
unnecessary to attempt to deteymimé any sort of boundary at which the formation 
and elaboration of impulses and are replaced by conduction alone. 

The important elemen e outer stratum are the rods and cones and the pigment 
epithelium. The centręę% Āe fovea contains’ only cones, the most central being very 
slender and concent (aN outside this the rods appear and gradually become more 
numerous until 4 Ç) . from the fovea three or four rods lie between every two cones. 

Only at the oPer€ nerve-head and the ora serrata is the retina firmly attached to 
the wall of eball, elsewhere the rod and cone layer lies somewhat loosely on the 
pigment ep¢M um, which adheres to the choroid and separates from the rods and cones 
in ER achment. In detachment of the choroid or elevation of the retina by 
pat Wl changes in the choroid the pigment layer is not separated from the rest of 
the a. 
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The conducting stratum contains the layer of ganglion cells and the nerve fibre 
or innermost layer. The ganglion cell layer is much thicker in the central area than 
elsewhere, and around the fovea the cells are heaped up, forming an elevated circular — 
ridge higher on the nasal (papillary) side. The connections of these perifoveal cells 
with their cones slope inwards to the fovea, so that each ganglion cell lies at a little 
distance from its cone. In the fovea itself there are no ganglion cells and the retina 
consists of pigment layer, cones, and a few cells of the inner nuclear layer. 

Around the entrance of the optic nerve the outer retinal layers thin off somewhat 
and terminate with a sloping edge. The rod and cone layer extends farthest towards 
the nerve, but without reaching it, so that the area in which percipient elements are 


-—_ = 


Fic. 20.—SCHEME OF THE PROJECTION OF RETINAL NERVE Ox FIELD (ROENNE). 


The horizontal raphé extends from the fixation point to the nasal argin. The continuous lines represent the 
uncrossed, the broken lines, the crossed fibres. The pericecal an rly the whole of the centro-cecal areas 
belong to the domain of the c bres. 


absent is larger than the area of the scleral en. In front of this ring of modified 
retina lies the thickest part of the nerve fi er, thinning rapidly as the fibres spread 


outwards. N ieii 
The arrangement of the fibres A: from the ganglion cells to the optic disc 
f 


presents features of extreme N or the perimetrist. 

In that portion of the retina Which is on the mesial side of a vertical line passing 
through the centre of the o apilla, the nerve fibres are radially arranged, passing 
straight from the retinal © hery to the nasal side of the disc. Thus any group of 
fibres, which lie in ya Zition at the nasal edge of the disc, regarded collectively, 
forms a cuneate o \Paped bundle. Such a bundle contains fibres from a sector of 


the retina, its N rt corresponds to an arc of the periphery, and its apex lies on the 
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disc edge. Its size depends on the number of fibres included.. Such a group is, therefore, 
not a true anatomical unit, as there is no segregation by septa or otherwise into groups 
of this kind, but pathological influences frequently pick out such bundles of fibres. 
They form very convenient and important descriptive units and are known as nerve 
fibre bundles. 

On the temporal side of what we may call the papilla line the fibres traverse an 
arcuate course from the periphery to the disc curving over and under the central area, 
which is in this way encircled. 

Extending from the fovea horizontally outwards to the temporal edge of the retina 
is an invisible line which is not crossed by any nerve fibres and which is known as the 
horizontal raphé of the retina. The nature of this raphé is most clearly grasped if we look 
upon it as a fold in the temporal margin of the retina drawn horizontally into the centre, 
the fovea being at its apex and its edges falling into apposition (Roenne 225.) In this 
sense the raphé may be regarded as a part of the retinal periphery and the macula as 
really situated upon the retinal edge. Those fibres which ‘pass from the upper and lower 
parts of the temporal retina are only slightly curved; as the horizontal meridian is 
approached the arching becomes more pronounced, and the fibres from the raphé and its 
neighbourhood traverse an almost semicircular course. The macular fibres are short and 
less curved, those lying near the horizontal meridian passing practically straight to the 
temporal side of the optic papilla. The nerve fibre bundles on the temporal side of 
the disc are therefore in all essentials similar to those on the nasal side ; they pass from 
the periphery, if we regard the raphé as a fold in the periphagy, to the papilla, they are 
fan-like or cuneate in shape, but they are curved, whereas ey bundles are straight. 

Thus the portion of the retina on the temporal side ertical line passing through 
the papilla contains arching fibres and is divided int er and lower quadrants by the 
raphé and an imaginary line continuing it to the d¥cNwhile the portion on the nasal side 
of the papilla line contains radiating Ane: RN @pyhdivided. In addition to this local 
anatomical distribution of the nerve fibres is a cerebral distribution to the four 
quadrants of the retina whose boundari a in the fovea. The fibres from the 


upper and lower temporal quadrants N SR the uncrossed bundle which passes to the 


? 


tract and cortex of its own side. T rom the nasal quadrants form the crossed bundle 
which crosses at the chiasma to t isual centres of the opposite side. From this 
arrangement we see that the yssed bundle is represented in the retina entirely by 
the longer arching fibres from O side of the vertical meridian, while the crossed 
bundle contains the st tdıating fibres from the retina on the nasal side of the 
papilla and also the N fibres from the area between a vertical line through the disc 
and the vertical m f the retina. The retina around the papilla is entirely supplied . 


by crossed fibres, both crossed and uncrossed fibres enter into the composition of 
a complete AE bundle extending from the temporal raphé to the optic nerve. 


{ o> The Optic Nerve-Head or Papilla 
Se fibres are gathered together at the optic papilla to leave the eyeball as 


the nerve. At this level the nerve fibre layer attains its greatest thickness and is 
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specially thick on the nasal side of the papilla owing to the accumulation of fibres, while: 
the temporal side is left free for the papillo-macular bundle which displaces the temporal 
fibres to the upper and lower parts of the papilla, an arrangement which helps to make 
the physiological cup shallow or sloping temporally and deep or overhung at the upper, 
lower and nasal sides. At the upper and lower poles of the papilla the larger vascular 
trunks are grouped, at first intermingled with the nerve fibres, but soon becoming 
superficial. Individual variations are common. 

Two views have been advanced as to the relationship between the peripheral and 
central retinal fibres as they pass into the papilla. According to some authorities the 
peripheral fibres pass to the centre and the peripapillary fibres to the periphery of the 
nerve, at least in its anterior portion. Others believe that the fibres from the retinal 
periphery pass to the outside of the nerve and the peripapillary fibres to its centre 
(Von Hippel). The question is important in regard to the interpretation of field defects 
for, according to the first view, peripheral interference in the nerve, unless posteriorly 
situated, would cause a pericecal scotoma or “ enlargement of the blind spot,” while 
if the second be correct, peripheral restriction of the field would result. It is probable 
that the relationship of the fibres alters as they enter the nerve, the peripapillary fibres 
being peripheral at the papilla, but becoming more central after the lamina cribrosa 
is passed. On this assumption a nerve fibre bundle would occupy approximately a 
sector of the nerve-head, the apex of the sector receiving the peripheral retinal fibres 
and the periphery of the sector the peripapillary fibres. In such an arrangement the 
foveal fibres would pass to the apex of the temporal quadrant, t.e., to theycentre, of 
the nerve. N 

The anatomical features of the papilla probably exert an impop uence in 
determining the exact way in which the field changes develop in gW idual cases of 
glaucoma. Their relation to the normal blind spot has already eN S terred to. 


AS 


The Optic Nerve 

The course and relationship of the fibres from the oR retinal quadrants after 
they leave the eyeball are not yet definitely known in &ylNefail. In general arrangement 
the dorsal, ventral, lateral, and mesial fibres retain ks respective positions throughout 
the whole oculo-oceipital visual path. For the_miwxé exact architecture of the visual 
path we may accept for the present the mai @pures of Henschen’s (102) well-known 
description, although there are difficulties Dye to details. 

Immediately behind the eye the iyo the nasal half of the retina, the crossed 
bundle, occupy the mesial quadran he nerve, those from the central area, the 
papillo-macular bundle, the male drant. The fibres from the temporal retina, 
the uncrossed bundle, are separ by the papillo-macular bundle into dorsal and 
ventral groups which pass «in@sthe dorsal and ventral quadrants of the nerve. This 
grouping would necessit rearrangement between the retina and the beginning 
of the nerve since, as f ve seen, both crossed and uncrossed fibres pass the edge 
of the papilla ED tie same bundle. This is evident from the ophthalmoscopic 
study of opaque my fibres and from the arcuate scotomata of glaucoma. The part 
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of the retina which lies between a vertical line through the macula and another passing 
through the papilla gives rise to crossed fibres 
which, excepting those belonging to the papillo- 
macular bundle, pass into the upper and lower 
poles of the papilla together with the uncrossed 
fibres from the dorsal and ventral temporal 
retinal quadrants. If the bundles are already 
segregated immediately behind the eyeball the 
crossed elements must leave the uncrossed in 
the neighbourhood of the lamina cribrosa. 

More posteriorly the two portions of the 
uncrossed bundle come together so that about 
the level of the entrance of the central retinal 
artery the macular fibres form a central core, 
the inner and outer sides of the nerve being 
occupied by the crossed and uncrossed fibres 
respectively. At this part a cross-section of 
the nerve corresponds approximately to the 
retina and a sector or zone in the nerve contains 
the fibres from a similar retinal area. 

In the terminal part of the nerve imme- 
diately in front of he chiasma a strong pial 
septum enters it al surface and extends 
ventralwards esially in a slanting direc- 
tion, splitti sit were a dorso-mesial mass 
of fibres. Nere the crossed and uncrossed 
bundl Goin to separate so that a lesion about 
this, tye may affect either predominantly or 
The crossed fasciculus occupies the 


KG Aal and mesio-ventral part of the nerve, the 


irect fibres the dorso-lateral and lateral part. 


The Chiasma 

In the chiasma the fibres of both nerves 

spread out and intermingle. The crossed bundle 

assumes a roughly quadrilateral outline extend- 

í ing to the margins of the chiasma before it is 

Fio. 21.—HENSOHEN’S Gy. (woprrrep) or ur collected again to the lower inner part of the 
DISTRIBUTION AND COURSE HE NERVE FIBRES IN : 

THE RETINA, OPTIg on AND TRACT (RIGHT SIDE). opposite tract. Although much labour has 

The chiasmal seeWoewis slightly modified from been expended on the problem of the chiasmal 

Gy d and Saenger. : : : 
crossing the arrangement of the fibres is still 
+ 


some Sc and the following description, based on Wilbrand and Saenger, 
may SOO died in the future. Those fibres which come from the ventral part of 


S 


THE INTERPRETATION OF CHANGES IN THE VISUAL FIELDS 63 


the crossed bundle in the nerve, originally from the lower inner retinal quadrant, 
cross in the ventral part of the front of the chiasma. The more anteriorly 
placed members of this group, after crossing, turn forwards into the termination 
of the opposite optic nerve, where they form a loop or knee in its undersurface and 
then turn backwards along the side of the chiasma to the beginning of the tract in 
which they occupy the ventro-medial quadrant. The more dorsal fibres of the crossed 
bundle in the nerve, coming from the upper inner retinal quadrant, cross in the middle 
and posterior parts of the chiasma near its ventral surface and pass into the dorso-medial 
quadrant of the opposite tract. The more pos- 
terior fibres of this group pass backwards along 
their own side of the chiasma before they cross, 
and enter the commencement of the homolateral 
tract where they form a loop similar to but 
blunter than that formed by the anterior cross- 
ing fibres in the optic nerve. They then cross 
at the posterior border of the chiasma.” 

The uncrossed bundle passes from the upper 
outer part of the nerve along the same side of 
the chiasma to the upper outer part of the 
tract. As it passes backwards it forms a some- 
what flattened oval band in the outer part of 
each lateral half of the chiasma. At first it lies 
at the edge of the chiasma sparsely interwoven 
with crossed fibres which farther backwards 
closely mix with and surround it. Clinical 
evidence suggests that the dorsal uncrossed & 
fibres from the upper outer retinal quadrant lie pya. 22 son 
on the mesial side of the uncrossed bundle in the ARRANGE 


IAGRAM OF THE PROBABLE 
THE CHIASMAL CROSSING. 
The cro oy ncrossed bundles from the right 


chiasma and extend farthest towards the middle optic na 


3 ; left gandWigt tracts respectively. To avoid con- 
line, and that the ventral portion, from the fusigg@ those from the left nerve are only faintly 


lower outer retinal quadrant, lies more laterally CS d. The macular fibres are not specially 
e 


sApwn by shaded areas passing to the 


; ; 8 . Note that at each side of the chiasma both 
along the side of the chiasma. At ANY _ sef crossed fibres are present together with the 


rate, in mesial chiasmal interference fr een: 
below, as in hypophysial tumours, the v uncrossed fibres are the last to be 


involved. N 
tic Tract 
At the commencement of t the crossed and uncrossed bundles approach 
each other from the chiasma, th crossed fibres being dorso-lateral and the crossed 
ventro-mesial. The fibres PRON" their relative positions throughout with little change 
before entering the extern iculate body. According to Minkowski the fascicular 
segregation in the tragt 4 well defined. He distinguishes a ventro-medial crossed 


bundle and a NN uncrossed bundle united by a middle mixed area. Clinical 


* See Appendix, Note III. 
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evidence, however, shows that the crossed and uncrossed bundles are sufficiently separate, 
at least in the lower part of the tract, to allow of the production by a lesion of a defect 
of one field only or of homonymous hemianopic defects unequal in the two fields. 


The External Geniculate Body 

The tracts pass to the primary optic centres, the external geniculate body, the 
pulvinar of the optic thalamus and the anterior corpus quadrigeminum. The external 
geniculate body alone receives visual fibres, those which pass to the other two ganglia 
not being directly concerned with the visual act. According to Henschen the relative 
positions of the different bundles are maintained here also. Minkowski found that the - 
geniculate body consists of lamell® to which the crossed and uncrossed fibres are alter- 
nately distributed. The nasal periphery of the opposite retina is probably represented 
in the oral extremity of the ganglion and the more central parts in regular order towards 
its caudal end, the macula most posteriorly. 


The Geniculo-Calcarine Pathway 


From the external geniculate body the visual fibres pass into the retrolenticular 
portion of the posterior limb of the internal capsule, whence they emerge as the optic 
radiation or geniculo-calcarine path terminating in the area striata of the occipital lobe. 
In the internal capsule they lie behind the sensory fibres and internal to the auditory 
bundle. The fibres from the upper retinal quadrants lie dorsally, those from the lower 
retinal quadrants ventrally in the radiation, possibly to some degree anatomically 
segregated, the macular fibres being interposed. 


The Cortical Visual Cent Ñ 


The visual centre in the occipital cortex correggo 
retinæ of its own side. It may be regarded as 
retina from periphery to centre from before badkWefds. Its most anterior part represents 
the nasal periphery of the opposite retjagM Which corresponds to the unpaired outer 
part of the binocular visual field, and re D s®nly crossed fibres. Behind this the con- 
centric zones of the two RE i RE are represented in succession, the most 
posterior part corresponding to ney ula. The upper and lower retinal areas corre- 
spond respectively to those Partap e cortex which lie above and below the calcarine 
fissure, the bottom of which S ents the horizontal meridian of the retina. 


S to the two homonymous half- 
ical retina representing the ocular 


NZ The Macular Fibres 


The macular GR me from the apical or central portion of the four retinal 
quadrants and ard co¥écted together to a sector shaped area occupying about a fourth 
of the papilla gt Ù$ outer side. According to Henschen’s description, immediately 
behind the iD central part of this sector contains the dorsal and ventral crossed 
macular fi while its upper and lower parts, which lie adjacent to the dorsal and 


ventr es peripheral bundles, contain the dorsal and ventral uncrossed macular 
rh 
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‘hich are thus separated from each other. The macular fibres gradually move 
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towards the centre of the nerve and become enveloped on the outer side by the peri" < 
t pheral uncrossed fasciculi, while at the same time the dorsal and ventral uncrossed 

macular fibres merge into one bundle on the outer side of the crossed macular fibres. In 

the posterior part of the orbital portion of the nerve the macular fibres form an axial 

core. Immediately in front of the chiasma the crossed macular fibres, as Roenne (208) | 
| 


has shown, separate from the uncrossed and turn dorsalwards to the ventro-latera! side 
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Fic. 23.—TuE CORTICAL RETIN [74 HoLmgss). 


The calcarine fissure is represented as widely opened. % lar area is relatively large, the peripheral area 
relatey: 


They lie dorsally in the chiasma an&crgss in the dorsal layers of its middle and posterior N 
chiasma consists entirely of crossing central fibres, N 


an anatomical feature whic bably related to the frequent appearance of central ` ii 
hemianopic scotomata in mal lesions. The uncrossed macular fibres are ventro- | 


central in the terminati he optic nerve and lie centrally in each lateral half of the 
chiasma and centralka Nie tract. 
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of the pial septum which enters the am downwards and inwards at this part. | ! 


thirds. The posterior edge of 
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| of those from the periphery and form, as it were, a little chiasma within the chiasma and | 
| towards its posterior part. 
|) In the tract Henschen’s scheme shows the macular bundle central in position, the 
relative arrangement of the fasciculi following that of the peripheral fibres. According 
IL. to Roenne the crossed macular fibres enter the tract dorsally to the uncrossed. Through- 

| out its course the macular bundle lies closely along the connection of the tract to the 
brain, so that it is found at first in the central and dorso-mesial part of the tract, and, 
| as the latter rotates outwards on its axis, becomes dorso-central and finally dorso-lateral 

| and peripheral, in which position it enters the geniculate body. 

The fibres then pass to the dorsal layer of the middle and posterior parts of the 
ganglion and to the major part of its caudal extremity. In the radiations the macular 
fibres form a bundle, possibly anatomically separate, situated between the dorsal and 
| ventral peripheral fibres. They terminate in the most posterior part of the occipital 
centre and occupy a relatively large share of the visual cortex. The foveal fibres are: 

represented at the tip of the occipital pole. 
Although some observers have strongly advocated the view that both sides of each 
| macular area are represented in each cortical macular centre, it seems practically certain 
| 


On clinical grounds it seems probable that the macular fibres follow the arrangement 


| that this is not the case and that each cortical macular centre represents only the homo- 

| lateral halves of the two macule. 

| Several points require further consideration. We have seen that both crossed and 

f uncrossed fibres may lie together in the same arcuate bundle, at least as far as the 
papilla. There is clinical evidence to show that a lesio Sn nerve trunk may also 


involve fibres which in the retina form an arching bugScdntaining both crossed and 
| uncrossed fibres. If the segregation of the fibres is a ribed such a lesion must involve 
| the boundary between the crossed and unerose gN euli It is apparent that fibres 
| which lie together in the retina continue to li€% ether in the nerve, and that a fibre 
| group which can be interrupted by a localis ion at the papilla edge is so shaped and 
placed in the nerve trunk as to be ca, f isolated or almost isolated interruption 


| there also. The fibres remain in sych ps at least as far as the chiasma, where the 
crossed and uncrossed fibres pe sharply separated, so that the groups now 
| contain only one kind of fibre, and Jroup or bundle lesion at this level produces a defect 
HH bounded by the vertical mers) of the field. 

The microscopic exami of degenerations following experimental retinal wounds 
| has frequently shown Q her than segregated changes in the nerve. It is possible, 
| however, that some OANE degenerated fibres seen are not visual fibres. Henschen’s 
scheme cannot bg=we&apded as final, and further research is required. 

i To sum up X itJmay be regarded as established that there is a segregation of the 
il _ fibres in the oe path into fasciculi approximately according to the arrangement 
|) indicated, gh the demarcation between the different groups is probably not very 


| exact RN ividual variations may occur. 
ave seen that the optic nerve corresponds to the retina and that the optic tract 
nds to the homolateral half of the combined retine. At some point above the 
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commencement of the tract the crossed and uncrossed fibres become intimately mixed 
in such a way that fibres from corresponding parts of the two retine lie together. Above 
this level each fibre group corresponds to an area of the binocular retina and a minute 
lesion produces homonymous field defects. According to Roenne, the crossed fibres 
5 place themselves side by side with their uncrossed fellows in the lower part of the tract ; 
according to Henschen, the juxtaposition takes place in the geniculate body. Minkowski 
believes that the crossed and uncrossed fibres are still separate in the geniculate body 


|, and that the intermixture is closest in the radiations and less so in the cortex. The 
| clinical evidence favours Roenne’s view. | 

An exception occurs in the case of the fibres which come from the nasai periphery 
£ of the retina. As there is no corresponding temporal retinal area this group of crossed 
i fibres has no uncrossed companions. Whether these fibres are segregated throughout 
d the visual path is unknown, but the clinical evidence indicates that in the geniculo- 
l calcarine portion they lie on the mesial side of the optic radiation and terminate in the 
e 


most anterior part of the visual cortex.* A lesion here will, therefore, affect only the 
unpaired portion of the opposite temporal field or, on the other hand, a lesion may affect 
the other elements of the path and spare this group, giving rise to a homonymous 
hemianopia with a retained crescentic area at the periphery of the affected temporal field. 
Further notes on the anatomy of the visual path will be found in the Appendix. 


ANATOMICAL INTERPRETATION 


The anatomical interpretation of field defects is the correlation of the\position, 
‚shape and extent, and sometimes of their quality, with the anatomy of thadgexy ath, in 
order to determine as far as possible the site of the lesion. 


The Retina 


Defects due to retinal lesions depend on involvement of the Ler ient cells, the outer 
stratum or photo-chemical apparatus, or of the ganglion Q nd nerve fibres, the 
inner stratum or conducting apparatus. C) 

When the percipient elements or ganglion cells x ted, without involvement 
of the nerve fibre layer, the field defect corresponds Ko) etinal lesion in position, shape, 
extent and intensity. Such defects are usuall or less round, oval or irregular 
in shape. A relative reduction in the percept blue as compared with that of red 
(acquired tritanopia), indicates a lesion of Oto chemical apparatus. In conduc- 
tion defects, even of low intensity, the s ify of vision for blue over that for red is 
usually very pronounced. In DAN distinction may not be easy to establish, 
for when the impairment of the perafpiegr@lements is severe, vision for red is also reduced 
(see Chapter VII). 

Exaggeration of the defe Cpdim light is also characteristic of outer layer lesions. 
These tests are of value ih cases, especially when other indications suggest outer 
stratum involvement Mama examination is difficult or inconclusive. 

The scotoma ANS disease frequently assumes an annular form as in retinitis 


* See Appendix, Note ITI. 
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pigmentosa and other conditions. The ring may be very small and immediately peri- 
central, or may be more peripheral and larger, or may be incomplete. The zonular shape 
has not yet been satisfactorily explained. These defects should not be confused with 
nerve fibre bundle arcuate scotomata, which they may resemble when they are so situated 
as to correspond to the lines of the arching fibre bundles. 
/ Defects due to damage to the ganglion cells present the features of impaired con- 
(duction zelative red-green blindness and reduced perception of white. The field 
hanges correspond to the projection of the affected area of the retina and present, as 
far as is known, no features which identify them with ganglion cell lesions. They resemble 
many scotomata due to lesions of the optic nerve, though they differ markedly from 
defects due to interruption of the 
nerve fibres in the retina, since 
nerve fibre bundle defects are 
never present. The usual forms 
are centro-cæcal or approximately 
round or irregular central scoto- 
mata or peripheral restriction with 
or without wide sector defects. 
Lesions of the nerve-fibre 
layer produce defects which cor- 
respond not to the area of the 
lesio but to the area from which 


RO cted fibres come. A small 
3 , if near the disc, may there- 
re produce a very extensive field 


KN iefect The intensity of the defect 


of conduction, that is, the severity 
of the lesion. 


Fig. 24.—DIAGRAMMATIC REPRESENTATION 0% PROJECTION OF : : 5 
THE NERVE FIBRES OF THE RıGHT RETINA, G Four TYPICAL considerations that a small cir- 


ee ae ee cumscribed lesion involving the 
whole thickness of the Kos layer near the optic disc on the nasal side will 


produce a fan-shaped or te defect in the temporal field with its apex towards or 


reflects the degree of impairment | 


It is evident from anatomical | 


joining the blind N. ts broad end at the temporal periphery, while a lesion at the ` 


e disc will produce an arcuate or comet-like scotoma curving 


upper or lower end 
from the ind Gigaset under or over the central area and ending on the 
horizontal raphe Wr elsewhere on the nasal periphery. 

The ro the lesion is approximately indicated by the extent of the defect 
accordin he distribution of the fibres involved. 

KCA Scotomata are known as nerve fibre bundle defects because they reflect the 
re Niistribution of the nerve fibres as they converge towards the papilla. 

trictly speaking, every field defect, which is not caused by damage to cells, is 
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due to a fibre lesion, and, when adjacent fibres are involved, to a bundle lesion. The 
term is, however, widely accepted as a convenient expression to indicate a defect which 
corresponds to a group of fibres which lie together in the retina. Such defects, both 
arcuate and cuneate—for the arcuate defect is merely a cuneate defect bent over the 
fixation area, just as the arcuate bundle is a cuneate bundle bent over the macula— 
are not produced by retinal lesions only, but also by lesions at higher levels. The 
nerve fibre bundle defect is, therefore, not a distinctive sign of a retinal lesion. An 
arcuate defect depending on a lesion in the nerve may cross the vertical meridian 
of the field showing that both crossed and uncrossed fibres are involved, and, therefore, 
that fibres which lie together in’ an arcuate bundle in the retina continue to lie 
together in the nerve, at any rate, in such relationship that they can be more or less 
closely picked out by the morbid process concerned. Arcuate scotomata due to chiasmal 
lesions are hemianopic in type, being bounded by the vertical meridian of the field, showing 
that the retinal arrangement of the fibres persists at this level though modified by the 
separation of the crossed from the uncrossed fibres. At higher levels the production 
of nerve fibre bundle defects is uncertain. 
The most typical field changes of this type are those caused by a lesion of the fibre 
layer of the retina at or near the edge of the optic disc as in glaucoma. One end of 
the defect is connected to the blind spot at either its upper or lower margin, or, in 
incomplete instances, is so directed that, if continued, it would join the blind spot. 
The other end lies along the horizontal meridian in the nasal half of the field or extends 
to the nasal periphery ; the intermediate part arches around the fixation point in a larger 
or smaller curve widening as it leaves the blind spot so that the scoto mewhat 
comet-shaped. There may be a curved scotoma in contact with vow or lower 
end of the blind spot and extending for a variable distance or it m isolated both 
from the blind spot and the horizontal meridian. Such defects, Gere joined to the 
blind spot or not, are often scimitar-shaped or crescentic, and i LO) e and symmetrical 
(.e., one above and one below the horizontal meridian) m a a ring scotoma, the 
blind spot representing the stone set in the ring. Thee (D d intensity of scotomata 
of this kind correspond to the amount of interference @t the Aisce margin ; if the obstruc- 
tion is complete the defect extends from the bli ot to the horizontal meridian, 
and, if a long and wide bundle is affected, to the es ale te of the field. The straight 
edge along the horizontal meridian constitutes ne’s nasal step, which will be referred 
tolater. Between the fixation point and t d spot the edge of the defect is curved, 
not straight, as the retinal raphé on eon to the fovea. These scotomata may 
vary in intensity in different parts, v ae to some extent the different forms 
which have been recorded, for i O appen that only the more intense portion is 
discovered. In some cases a smal\gÄual angle is required to expose the whole extent 
of the defect. If the injured Eye fibre bundle is on the nasal side of the optic disc the 
resulting field defect is we aped, with its apex at the blind spot or directed towards 
it if the bundle is only y interrupted. Thus nerve fibre bundle scotomata, due to 
papillary or juxta-p lesions, reflect the arrangement of the nerve fibres in the retina, 
and are all Tuneate N 


“ts radiating from the blind spot to the periphery. The arcuate 
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type is a cuneate defect bent over the fixation point and terminating upon a horizontal 
line, which we may regard as in a sense a part of the periphery, since it corresponds to 
the horizontal raphé which, as already pointed out, may be looked upon as a fold in the 
retinal margin. 


The Optie Nerve 


Since the cross-section of the nerve corresponds in its orientation with the retina, 
the position of a lesion of the nerve trunk is reflected inversely in the field. Interference 
with one side of the nerve is associated with a defect in the opposite side of the field, while 
peripheral and central impairment are manifested by peripheral and central visual loss 
respectively. A sector in the field corresponds to the opposite sector in the nerve and 
ring scotomata, whether of zonular or of nerve fibre bundle type, are probably due to 
zonular interference in the nerve. Defects of hemianopic appearance due to a lesion at 
this level are never. sharply demarcated along the vertical meridian and, if thoroughly 
examined, often show considerable irregularity. 

This interpretation holds good for the major portion of the nerve trunk, but at its 
beginning and termination the arrangement of the fibres introduces certain modifications, 
A peripheral lesion immediately behind the eyeball would involve the macular fibres 
owing to their position at this level, and probably certain cases of combined central and 
peripheral defect are due to this kind of interference. At the chiasmal termination of the 
nerve the diversion of the crossed from the uncrossed fibres permits of the predominant 
involvement of one of these groups, more especially as regards the macular fibres, and the 
production of unilateral hemianopic defects. Scotomat a i type.may be called 
“ Junction scotomata ” on account of their site of Er 
the chiasma. According to Wilbrand and Saenger, the Gyo vement of the knee of crossed 
fibres from the opposite nerve may be the sourcge N temporal defect in the opposite 
field, so that a lesion of one optic nerve at its O ion with the chiasma may produce 
defects in both fields. XS 

Finally, it must be remembered th Q: are longitudinal as well as transverse, 
and different parts of the nerve may, Th) ed at different levels by the same lesion. 

It is evident that subchiasmal R&ions can be distinguished from those of chiasmal 
or suprachiasmal situation by the Yehce of hemianopic characters, that is, of features 
which indicate the special aa ihe of the crossed or uncrossed fibres of both eyes. 
A unilateral field defect whi ends to both sides of the vertical meridian must be of 
subchiasmal origin. Bi A's) Id defects of this type must be due to bilateral nerve 
lesions since, if due to N al interference, the lesion would require to be so placed and 
of such intensity t out as to produce an equal degree of impairment of the different 
fibre bundles. The Jhatomical arrangement of the chiasma prevents this, and bilateral 
defects which gegupy both sides of the vertical meridian of the field can always be shown 
by quantita Sehen to be of hemianopic type if they result from lesions situated 
at or abo e chiasma. 
subchiasmal path, however, the exact site of a lesion is betrayed only to a 
ent by the shape and position of the field changes produced. Depressions 
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junction of the nerve and | 


16) 
e 


S 


i SO 


THE INTERPRETATION OF CHANGES IN THE VISUAL FIELDS 71 


of various kinds and arcuate and ring scotomata, similar in form, may be produced by 
retinal as well as nerve lesions, and, with the exception of defects of unilateral hemianopic 
type, the field changes do not indicate the level in the nerve trunk at which the lesion is 
situated. The centro-cecal scotoma, for example, so common as a result of subchiasmal 
interference, does not appear to be related to any special situation. 


The Chiasma 
In the chiasma the arrangement of the nerve fibres causes lesions to produce defects 
of bitemporal hemianopic type. Variations in the position of the lesion cause differences 
in detail but do not alter the type. The close intermingling of the fasciculi is such that 
the interference wherever situated never produces a unilateral field defect, except in 


the earliest stage, or a pure homonymous hemianopia.* 


The Tract 
A lesion here produces homonymous hemianopia which may be congruous or incon- 
eruous. Not infrequently the defect is more advanced in one field than in the other, 
and cases of unilateral sector or quadrant defect due to tract interference have been 
reported. Tract hemianopia is frequently incomplete and shows variations in intensity 


in different parts of the defect which often presents sloping margins. The fixation area 


may or may not be spared. Lesions of the lower end of the tract may betray their 
position by affecting the chiasma also, in which case field defects of bitemporal type 
become added to the homonymous defects already present. It is possible that incon- 
gruity may be more pronounced or more frequent in lesions of the lower aes tract 
than in those of the upper part, but apart from this there is no perimetriggn dicative 
of the level at which the interference is situated. Q 


The Geniculo-Calcarine Path 

| Congruous homonymous hemianopia with sparing of 
Br sciaristic field change produced by a lesion above me əct. The fixation area 
is seldom divided. The determination of the site of T «€ is based on pathological 
as well as on anatomical grounds since the u off the field changes depends 


ation area is the 


largely on the nature of the lesion. Throughout ath the field changes conform 
to the anatomical conditions, a dorsal lesion proWyAing a ventral defect and so on, 
but the perimetric features do not in themsely@/yndicate the level of the lesion. Here 


again lesions may affect a considerable length of the pathway or may be multiple, 
and in this way difficulty in interpretat e produced. The subject will be dealt 
with later in more detail (Chapter A 


ets Oe INTERPRETATION 
The pathological inter Kin of field defects depends upon the correlation cf 


the visual changes with t ure of the causal morbid process. It is concerned with 
the onset and coursesoXthe changes and with their extent, intensity and uniformity. 
It is hardly nece N point out that the pathological interpretation cannot be 


~\ * See Appendix, Note III. 
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considered apart from the anatomical since different parts of the nerve path are 
especially liable to different forms of disease. 

In respect of the field changes produced we may regard a lesion in the visual 
pathway as consisting of a focus of disease shading off into healthy tissue through a 
surrounding zone of impaired nutrition due to cedema or congestion caused by the 
reaction round the focus. In the field these conditions are represented by an area of 
intense defect surrounded by a zone of less depressed vision. Impaired nutrition leads 
to weakened resistance so that, if the adverse conditions continue, the focus expands 
by including some of the surrounding damaged tissue, while previously healthy elements 
become damaged in turn. If the adverse conditions diminish the contrary process 
occurs, and only the more severely injured elements remain permanently impaired. 
(See also Behr 13.) 

Some of the characters of defects are more easily explained than others. The 
extent of a defect corresponds to the amount of the cross-section of the visual path 
which is damaged wherever the lesion is situated. On the other hand, although the 
intensity and uniformity—or absence of uniformity—of defects conform broadly to 
similar features in the causal lesion these relationships are not so simple. The severity 
of the lesion as indicated by functional testing depends on two factors—the- number of 
nerve elements affected, and the degree of damage suffered by each element. It is 
impossible to differentiate by perimetry between nerve fibres or cells which are divided 
or killed, and others which are merely temporarily incapable of conducting appreciable 
impulses. In partial impairment of function colour vision is\first diminished and vision 
for white is demonstrably reduced only when the im oy has reached a certain 
degree. In the area of a lesion a large percentage of t oa elements may be slightly 
affected, the remainder being either healthy or y damaged, or there may be 
a smaller percentage of severely damaged fibres L&I} evenly distributed, all the others 
being healthy, or a few slightly damaged. OÖ‘ cases vision for white and colour 
is reduced, but in the former the colour O ın excess (Roenne 209). The relative 
numbers and distribution of the nal y and severely damaged elements vary 
according to circumstances, and N of the intensity of the corresponding field 
defect may justifiably be regarde s always the resultant of the two factors 


mentioned. 

The relation between t Goi of the defect and that of the lesion is 
complicated by the varying e of the field between centre and periphery, and by 
the question whether RG impairment is as easily produced in one set of fibres 
as in another by the s egree of damage. The point is of relatively slight and largely 
theoretical sek and only arises in relation to parts of a defect at different 
distances from th 


xation point. Although more accurate knowledge would help 
to reduce out gin of error in making inferences, there seems no reason to fear that 
this will b Nie if we assume that in any field defect different degrees of visual 


loss reprgs@yt areas of damage in the visual path correspondingly differing in severity. 
changes which suddenly appear or alter indicate correspondingly active 
lesiorg»> When the defects are found to change rapidly in position, shape, extent or | 


/ oO 
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intensity, it may be inferred that: the lesion in the nerve path is of acute type, 
inflammation or rapidly growing tumour, for example, while comparatively stationary 
fields indicate more chronic lesions. 

The visual neurons are extremely sensitive to impaired or vitiated nutrition. 
This may result from restricted blood supply or congested venous circulation 
produced in various ways by such influences as mechanical pressure, disease, 
injury or cicatrisation affecting the nerve path or the adjacent tissues, or by the 
presence of toxins of exo- or endogenic origin.* Moreover, since the sense of sight 
is easily tested, slight variations in function can be more readily discovered than in 
the case of other nerve mechanisms. For this reason the visual nerve path is perhaps 
in some ways specially suitable for the clinical study of impaired nerve function 
(Uhthoff 275). 3 

As regards the photochemical apparatus, alterations in nutrition are brought 
about in several ways. Inflammatory foci in the choroid or defects in the choroidal 
or retinal circulation may lead to cedema, or to cicatricial or. degenerative changes in 
the retinal outer layers. The rods and cones may become loosened from the pigment 
epithelium as in the initial stage of detachment from whatever cause. A general 
lowering of nutrition, or vitamin deficiency, as in war hemeralopia or xerosis conjunctive 
with hemeralopia, can apparently affect the retinal outer layers, though here the 
difficult region of what is called functional disorder is approached. To what extent 
toxins act directly upon the rods and cones is unknown ; the night-blindness of jaundice 
is probably due rather to the absence of fat-soluble vitamin than to oN ae of 
toxic substances. There is evidence also that damage or functional 1 Kr nt may 
result from an over-exercise of the normal metabolic processes such QP ison by 
excessive light. Direct damage may be inflicted by tumour gro ut the visual 
results of this injury on the outer layers have not been TEN Lastly, primary 
degeneration may occur, the choroidal circulation being appe ly intact. 

The clinical manifestation of these conditions is deprggssQnjot the field, exaggerated 
in dim light, and relative yellow-blue blindness, probably tan insufficient or sluggish 
provision of visual purple together with some impaif@enTof the cones. Ring scotoma 
of zonular type is a common feature. Blue appea Wale ” or greenish or green, and 
some observers have found the perception of yajloW to be diminished. If the lesion 
progresses and the damage becomes more sev on for red is also affected, so that the 
distinctive yellow-blue blindness is subm Oyn the intensity of the defect. It is, 
therefore, characteristic of early or paw mpairment and not of severe damage or 


complete destruction. 

In many affections of the ouer vers the power of recovery is extremely high in 
relation to the loss of function at tif stage of greatest intensity provided that the initial 
severity of the condition has Creer too great or its duration too prolonged. Though 


highly specialised the Oo very resistant to injury. 


especial features of the field changes produced by outer layer 


As far as RN 
* Vide the well-know N) i8logical experiments in which conduction is blocked by exposure of a section of a nerve 


~\ to alcohol vapour, CO,, oxygen deprivation, etc. 
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impairment, perimetry alone can do little to distinguish the various causes, and the inter- 
pretation of defects is mainly directed towards the anatomical aspect, that is, to the 
determination of the site of the interference. 

In the case of the conduction apparatus, which is directly nourished by blood- 
vessels, impairment of nutrition may occur in the form of restricted arterial supply or 
obstructed venous return. Both factors may act together. Pressure, inflammation, 
vascular disease and injury and their results, both direct and indirect, are common 
causes. To toxic substances whether of exo- or endogenic origin the retinal ganglion 
cells and their fibres as far as the chiasma seem specially susceptible. The first result of 
impaired nutrition is defective conduction, characterised by red-green blindness and 
loss of perception for white, corresponding in degree and extent to the intensity and 
distribution of the interference. The nerve fibres possess a high power of resistance, 
and, provided that the adverse conditions have not been sufficiently severe or prolonged, 
restitution of function may ultimately ensue after a considerable period of complete 
abeyance. 

In this connection the presence of proportion or disproportion is of interest. 
Proportion between the fields for colour and for white indicates a stationary or slowly 
moving lesion, disproportion an active condition. This feature is often of great value 
in prognosis. Proportion points to a more or less permanent state, disproportion indicates 
the probability of change either in the direction of improvement or the reverse, according 
to circumstances. The greater the degree of disproportion the more rapid the change 
and vice versd. This colour relationship constitutes one asp&et of the slope of a defect. 
Disproportion may be present in different degrees at EN parts of a defect and the 
indications it affords are correspondingly applicable. 

Roenne interprets disproportion as indicating presence of a relatively large 
percentage of only partially affected fibres in theXr®a of the lesion. When proportion 
is present the fibres concerned have for the RY part either recovered their full con- 
ducting power or have lost it completely. 


Should the injurious influence act ficient intensity or for a sufficient time, 
death and destruction of the axis cy§nd®»soccurs, rendering recovery impossible. The 
visual defect is now permanent oe not always associated with a proportionate 
alteration in the colour of the opticlsc, so that the amount of atrophy present can only 
be estimated by perimetry. Q 

Field changes due to uction impairment may therefore be regarded as all 
fundamentally of the Kite and as the expression of deficient or vitiated nutrition 
somewhere in the vi ath. 

Apart from ‘ey eral considerations, the pathological significance of the different 
forms of field defeS# in many ways restricted. It is not possible in the present state of 
our a special forms of defect with individual diseases to more than a 
limited ney A certain relationship of defects with morbid processes can nevertheless 
be trage N Disease spreading inwards from the pial sheath along its trabeculx gives rise 


to ANS ral depression of the field in tabes, as a result of plerocephalic * cedema of the 
wi 
. N 


* See footnote, p. 115. 
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nerve (choked disc) and in certain forms of retrobulbar neuritis. The field changes thus 
produced present differences as well as similarities. Homonymous hemianopia may be 
due to hemorrhage, thrombosis or tumour, and here also differences in such characters 
as onset, intensity, and course are of value in diagnosis. Neither the common centro- 
cecal scotoma nor the arcuate bundle defect originating in the nerve corresponds to a 
special site or a special disease, but the circumstances under which they occur suggest 
that the former may be primarily due to toxic and the latter to vascular causes arising 
from pressure or inflammation. At the same time the field changes of tobacco amblyopia 
and glaucoma are almost pathognomonic, and it will be found that, when all the characters 
of field defects are collectively as well as individually examined, similar varieties due to 
different causes often present differences of various kinds which may help to establish 
their identity, or at least to suggest some form of classification on a pathological basis. 
Affections of the conduction apparatus may be arranged in four main groups :— 


I. Toxic and Inflammatory Conditions 


These affect the subgeniculate, mainly the subchiasmal, portion of the visual path 
and include retrobulbar neuritis and the toxic amblyopias. 

The field defects vary but are predominantly central, the onset is usually rapid and 
the tendency to recovery is almost always a prominent feature. The causation of the 
field defects is complex and their characters depend largely on specific toxiphile 
tendencies of the nerve elements and on vascular congestion and orig due to 


inflammation. Probably all these causes act together in varying proportiongs different 


Cases. 


@ 


II. Pressure 
Any part of the path may be affected, the optic disc (ann the chiasma 
(tumour) being common sites of incidence. The defects invo Á Oth centre and peri- 
phery of the field, usually come on gradually and are progr, , leading to blindness 
if relief is not obtained. Removal of the pressure is EY y rapid recovery unless 
it has lasted too long. The effects are produced endus congestion and arterial 
ischæmia, rather than by direct compression of the ©) fibres. 


II. Vascular 


Hæmorrhage, thrombosis and angiosp cur in the geniculo-calcarine path and 
the retina and beginning of the nerve ; mably other parts of the oculo-geniculate 
path are not immune. Embolism_h h reported in the central retinal artery and 
probably occurs elsewhere. The Onsgtof the field defect is usually sudden and the 
degree of recovery usually slight eX®eßt in angiospasm, in which it may be complete on 
one or more occasions until ats fck occurs which causes permanent damage. Heemor- 
rhage near, but not into tÀ Pathway, may produce a pressure defect terminating in 
recovery by absorption. Wie shape and position of the defects depend on anatomical 
factors at the site oS Mwference, the onset, intensity and course on the nature of the 
disease. N 
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IV. Traumatism 

Fracture of the base of the skull and injuries of the occipital region are the most 
common causes of traumatic lesion of the visual path. A certain amount of recovery 
takes place corresponding to the areas in which the damage is not irreparable, as in the 
case of cedema surrounding a cortical wound or temporary congestion or heemorrhage 
in the optic foramen. A permanent defect remains corresponding to the nerve elements 
whose nutrition is damaged or cut off by the rupture of vessels or by their subsequent 
obstruction through cicatricial processes. The defects produced are determined by the 
anatomical conditions at the point where the injury takes effect. As is to be expected, 
central defects of this kind are associated with peripheral defects when the lesion is sub- 
chiasmal, but may be isolated when the lesion is cortical, as here the central elements 
may be affected alone. 


In almost all forms of interference with the visual path, the tendency to recovery 
when the cause is removed or ceases to act, which has already been referred to, is a 
prominent and important feature. It is pronounced in acute inflammatory cases, in 
which complete blindness may eventually be replaced by practically normal vision, 
and is well marked in pressure cases in which vision is sometimes restored in an area 
which has been blind for months. In certain cases this tendency is less in evidence, 
either owing to the severity of the initial lesion, or to the development of secondary 
changes leading to loss of nutrition. As a rule the longer {he functional loss persists 
the less is the chance of ultimate restitution—in other N the prospect of recovery 
can be estimated better by the duration than by the sty of the visual defect. The 
tendency to recovery 1s apparently independent of t sal factor ; it is present, though 
not always in the same degree, in toxic, inflam and traumatic conditions (unless 
the initial lesion has been too severe, t.e., sive), and indicates that while the 
function of the nerve elements is easily im Mer vitality is relatively high. 

It will be noted that the various RS e visual path are associated with different 
morbid processes in a fairly “anes ner. The optic nerve, which alone possesses 


a definite fibrous trabecular framey has almost a monopoly of toxic and inflamma- 
tory conditions which become jut less common at a higher level. Syphilis and 
multiple sclerosis, however, a the chiasma and lower part of the tracts occasionally. 
In civil life traumatism m uently affects the nerve, rarely the chiasma. Pressure 
and vascular disease a ively uncommon in the nerve. 

At the chiasma re interference from tumour, usually pituitary, is by far the 
most common mo) hilis and multiple sclerosis are much less frequent, and other 
conditions rare. tract is much less often affected than the chiasma, the causes of 
De imilar, but pressure from outside, e.g., from temporal lobe tumours, 
becomes re y more frequent. 

In braun pathway the nature of the morbid conditions again changes. 
Vase en tesions of various kinds are far more frequent than any other. Tumour 
rN is by no means uncommon, but in relative frequency comes far behind vascu'ar 
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disease. Toxic and inflammatory lesions, apart from meningitis and abscess, do not 
appear to occur. In the occipital region traumatism appears again, but in civil life only 
very occasionally. 

Functional Field Changes 

Another group of changes results from functional or psychical causes. Varying 
or uniform depression with spiral or tubular fields, incompatible with organic lesions 
and with other features in the clinical picture, are characteristic. Such defects are 
sometimes superimposed on others of organic origin. These field changes will be 
discussed in Chapter XII. 

Lastly, the possibility of a certain degree of normal variation, perhaps more pro- 
nounced in pathological cases, must be borne in mind. Slight alterations may be found 
when a case is being periodically examined from time to time and should be interpreted 
with caution. Practice increases the field and a slight enlargement in the case of a 
patient, who has been examined several times and is becoming a good perimetric subject, 
does not necessarily mean an improvement in the morbid condition present. On the 


other hand, if the patient feels out of sorts or is disinclined for the test, defects may — 


appear exaggerated although the disease is no worse. 
We see, then, that the interpretation of field changes presupposes accurate observa- 
tion, and is based on the correlation of all the characters of the defects with anatomical, 


physiological, pathological and psychical factors. 


—— 


CHAPTER VII 
THE CHOROID AND RETINA 


THE previous chapters provide us with some equipment for a more detailed 
consideration of the chief conditions in which perimetric examination is useful. It will 
be convenient to begin with the retina and to discuss seriatim the field changes associated 
with lesions of the diflerent parts of the visual path up to the occipital cortex. 


The Choroid and Retina 


For the most part choroidal or retinal lesions are easily visible ophthalmoscopically, 
and the study of the field defects, though interesting and often valuable, is not always 
indispensable as regards diagnosis and treatment. ‘The visible changes may, however, 
be disproportionate in one direction or another to the degree of visual impairment or 
the ophthalmoscopic examination may, for various reasons, give doubtful or inconclusive 
results or may require confirmation. In such cases perimetry is often very helpful. 

Retinal affections may be divided into those in which the outer and those in which 
the inner layers are chiefly concerned. On the other hand, thelesion may not be confined 
to either layer, and some conditions are more suitably ioe elsewhere. ‘The toxic 


amblyopias, have, therefore, been placed with affections KÒ tic nerve, and glaucoma 
is referred to separately. 2 


I. CONDITIONS MAINLY AFFECTING DS um OF THE RETINA 
' 


Choroidal lesions involve the retingsg¢ arily, and especially the outer layers. 
The field changes produced present t abures of damage to the photo-chemical 
apparatus, relative yellow-blue blindßess, as long as the function of the outer layers is 
only impaired. With more severe ge the special characters of the defect become 
lost in its greater intensity andytheperception of both red and white test objects is 
destroyed or reduced to suc xtent that a comparison test between blue and red 
gives uncertain results. nts often apply for advice only after the condition 
is well advanced, the quality of the defect is not always found in clinical 
practice. Pemanen certain degree of yellow-blue amblyopia has been reported 
and presumably irfdicatés that the lesion has remained partial. 


A Disseminated Choroiditis 


The H are easily seen with the ophthalmoscope and perimetry is not often 


RO 
Ww cent case some general depression of the field is usually present, especially 
if t 


anges are widespread. Patchy scotomata, corresponding approximately. in 
78 
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extent to the visible lesions, are found, which show the characteristic relative yellow-blue 
blindness in greater or less degree, according to the intensity of the defect. 

When associated oedema of the nerve-head is present enlargement of the blind spot, 
sometimes very pronounced, may be present. The correspondence of the field defects 
to the visible lesions shows that the nerve fibre layer remains functionally active, without 
touching on the question as to whether or to what extent it is involved in the inflammatory 
process. Nerve fibre bundle defects are not common in ordinary disseminated choroiditis, 
though, of course, they may occur if the lesion spreads through the retina. They will be 
referred to later. 

It is often difficult to correlate the degree of visual loss with the ophthalmoscopic 
appearances, which may suggest much better or much worse functional efficiency than 
is actually present. The presence of gross field defects with severe visual loss indicates, 
in the earlier stages at any rate, functional interference rather than serious organic 
damage, and, therefore, does not necessarily point to a bad prognosis. A high degree of 
recovery is common and often surprising in relation to the state of the vision when at 
its worst. Persistence of the defects is of worse prognostic significance, and it would 
appear to be the duration rather than the severity of the visual changes which should 
be regarded as a reliable guide. 

In the mature and permanent stage, when the condition has become a disseminated 
choroidal atrophy, the stage most frequently seen in practice, the defects are more definite 
and more intense. Relative yellow-blue blindness is no longer found, and the nerve 
fibre layer still escapes. Here also, good vision by Snellen’s types may be associated 
with gross visible changes, central as well as peripheral, in the fundus. a cases 
the scotoma is not infrequently ring-like in character, or vision may ained in a 
small area at, or close to, the fixation point, illustrating the very nature of the 
process and the high resisting power of the foveal cells. 

Ring scotoma is a characteristic feature of disease of Oo" ne layers and is 
prominent in syphilitic choroido-retinitis and in retiniti Noa In the former 

io 


condition Ole Bull found complete or partial, sometimes ies) , wing-like or crescentic, 
arcuate or ring scotomata, which he regarded as pra EN ma. of syphilis. 
A certain number of these are probably nerve 5 RN defects due to damage 
to the inner retinal layers from the associated ef of branches of the central retinal 
artery. In recent cases they tend to be v and disappear on recovery. Baas 
points out that in syphilitic central choroi N the scotoma, though very minute, 


may be of the ring variety. N 

In visual impairment, due to mac ease whether primarily choroidal or retinal in 
origin, visible ophthalmoscopic ee present, and perimetry is not often employed. 
The retinal lesions are, however, always easily visible even with the most careful 
examination, and in such cas pecially when both eyes are affected, either simulta- 
neously or in more or less(@MpNd sequence, other conditions may be simulated and the 
diagnosis may be, RN at least, extremely difficult. The difficulty is increased 


when the field ch ie homonymous or bitemporal hemianopic or quadrant- 
shaped scotomata. ee may be the case without the presence of visible corresponding 
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retinal lesions, for it is by no means always possible to correlate the field defects with 
the visible changes. The latter may be less discernible in the eye in which the field 
changes are more pronounced and vice versä. Even when minute retinal lesions are 
detected the extent of the field defects often indicates a much larger area of functionally 
altered retina than that in which changes can be seen by the ophthalmoscope. 
Metamorphopsia may not develop until later. 

There may be sufficient swelling of the optic disc to suggest retrobulbar neuritis or 
even increased intracranial pressure. Disease of various kinds affecting the nerves, 


Fic. 25.—CENTRAL CHOROIDO-RETINITIS. 
Scotoma 1° in diameter for 5455 white, and 4° for syg red. Vision $ plus. 


so__ 90 __ 100 


280 370 260 


Fic. 26.—CENTRAL CHOROIDITIS WITH yn. OF THE OPTIC PAPILLA, SIMULATING UNILATERAL CHOKED DISC. 
Objects :—Blin $o. Broken line 5745. Dotted line 529, red and blue. 


chiasma, or tracts (Le N isease, disseminated sclerosis, tumour) may be suggested. 


In other cases t toma may be very small, less than 2° in diameter, and of 


very low al 
The screen tegt not less than 2 metres distance affords the only means by which 
such defects Lae adequately examined. They differ from defects due to nerve lesions 
in being ne and indefinite in character, and when hemianopic in type the vertical 
meridja ot strictly followed. Relative yellow-blue blindness may be elicited. The 
so N indeterminate character of these changes stimulates the observer to a specially 
N scrutiny of the retina which usually enables the diagnosis to be established. 


ca 
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Choroidal Changes in Myopia 


Much has been written in regard to the field of vision in myopic eyes by Weiss and 
other observers. Peripheral contraction has been noted, but in itself has little special 
significance or value as a clinical sign. Multiple concentric ring scotomata have been 
described and may be regarded as of functional origin. More important are the alterations 
in the central field which occur as paracentral or central defects of various kinds associated 
with visible choroidal changes. Different forms of juxta-caecal scotoma may be present, 
including arcuate and annular defects. Most, it not all, of these appear to be of zonular 
type due to the distribution of the choroidal degeneration, and conduction interference 
with groups of nerve fibres does not appear to occur. Typical nerve fibre bundle defects 
with nasal step have not been found in uncomplicated choroidal atrophy in myopia. 

As a rule the surgeon obtains all the information he requires by the ophthalmoscope, 
but in certain cases this examination may advantageously be supplemented by perimetry, 
especially when the question of the onset and progress of central degeneration arises. 
According to Cantonnet functional alteration precedes the visible changes in the area 
between the disc and the macula. When choroidal degeneration is seen commencing 
at the outer side of the disc examination with the screen will show whether the associated 
defect corresponds to or is in excess of the visible changes. In the latter case, especially 
if the central edge of the scotoma is sloping or indefinite, a progressive choroidal degenera- 
tion is indicated, whereas, if the defect corresponds fairly closely to the area of visible 
change and presents a sharp central margin, the process is relatively stationary. 

Visible changes may also be present in or near the macular area, alth central 
acuity by Snellen’s test is still good, and in other cases in which the fundon clearly 
seen it may be desirable to ascertain the state of the macular region. h cases the 
screen examination with small white or coloured tests is helpful. In w choroidal 
atrophy the test object is seen to “ go in and out,” and although vision begins to 


decline, it is often not at the fixation point that the defect first hes manifest. Thus 
the atrophy may gradually advance without disturbing the p en) until the fovea becomes 
involved, when the loss of central acuity immediately catgesimxiety. In some of these 


cases the examination of the central field assists the gern in regard to prognosis and 
guides him in dealing with the patient. 


Traumati 
jd a crescentic scotoma corresponding 
pected, I have hitherto failed to demon- 
y evidence of damage to the nerve fibres at 
na of retinal outer layer type is present, due to 


Although in traumatic rupture of the 
in shape and position to the lesion mig 
strate a defect of this kind, nor is th 
the site of the rupture. A central(sco 
the associated macular disturbance. 


The condition known as NG tio retin, in which the macular area presents a more 
) 


or less œdematous e O 
a 


stration of the relative Gs scotoma for blue with well-preserved perception of red. 
There may be also NS a for white, sometimes very small, according to the severity 
u 


of the mascular inj 


hthalmoscopically, usually affords an excellent demon- 
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|| Where the qualitative colour scotoma alone is present the prognosis is good, as this 
| defect disappears in a few days; the scotoma for white indicates the probability of 
N: permanent impairment of vision. 


Detachment of the Choroid 

Two varieties of this condition are recognised, the post-operative and the sponta- 
neous. In post-operative cases perimetry is not usually required for diagnosis or prognosis, 
nor are the circumstances usually suitable for this form of examination. Although the 
retina retains its relationship to the choroid, functional impairment of the affected area 
it . is severe. Little is known of the details of the state of the field. Fuchs found that the 
field was frequently contracted for ordinary perimeter tests, though large objects could 
II be seen as far as the normal boundary. In one case he noted that the contraction for 
|| blue was extreme in comparison to that for white. In several cases examined by the 
i author the visual defect was much more intense, so that differential tests could not be 
| a carried out. The prognosis is good and the question of differential diagnosis is unlikely 


| to arise. 
In the spontaneous form there may be true detachment of the retina in addition at 
ae one or more points, and the diagnosis may lie between simple retinal detachment, choroidal 
| detachment and choroidal tumour. In some recorded cases retinal function has been 
i found to be retained longer than in retinal detachment, and in one reported by Simon 
the diagnosis was assisted by perimetric examination, which showed that colour vision 
| and adaptation were preserved except over the parts where the retina was separated also. 
The spontaneous form is uncommon and the prognosis gun 


| Retinitis Pigmentosa 
Ii The field changes are characterised by the pre 
| depression, slow progress and the relative prese 
i night blindness is present in greater or leg N 

exaggerated in dim light. O 
/ A systematic detailed analysis by ey titative method does not appear to have 
it been carried out as yet. Bjerrum, h@ve¥ef, found that the field periphery, when appa- 
| rently normal for large objects, sh considerable restriction with a small test, and 
| Köllner elicited perception in the OR by strong stimulation when the defect was 
i} apparently absolute when test the customary methods. The essential field change is 
| therefore a gradual temsghögmmencin first in the intermediate zone, then involving 


of a ring scotoma, peripheral 
n of central vision. In addition, 
ree, and the perimetric defects are 


le, the centre. Various forms of field change have been 


| | the periphery, and las 

| described, but it is ble to regard the different types of defect as stages in a 
| 
| 


progressive PC} 

| Although theNiefd changes are well developed before the patient seeks advice, there 

l is no doubt & he initial defect is the ring scotoma. This lies in the outer part of the 
central ar the inner part of the intermediate zone, usually between the 10 and 40° 

II circles. Ran varies approximately from 30 to 60°, and, at first, the intensity may 


H be RS nd the ring incomplete. The intensity varies so that in some parts the 
if dep on may be slight and in others severe or absolute, and on this account a com- 
i) 

| 1 

| $ 


| es 
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plete ring may appear partial unless the examination is thorough. The margins are 
rather steep centralwards, but more sloping peripherally. Associated with the ring 
scotoma is a certain degree of peripheral depression. As the disease progresses the | 
scotoma becomes denser and wider, more by peripheral than by central extension, and 
at the same time the peripheral depression becomes deeper, so that finally the scotoma 
breaks through to the periphery, usually towards the nasal or upper side. The peripheral 
field now begins to disappear at the same part, so that in the later stages only a sickle- 
shaped temporal or lower temporal patch remains, requiring a strong stimulus for its 
demonstration. The central field is usually round, but may be a somewhat horizontal 
| oval, extending farther temporally than nasally. At first it extends some 30 to 10° all 
round the fixation point, but, as time goes on, slowly becomes more and more restricted. 


er 

Fig. 27.—RETINITIS PIGMENTOSA. O - 

Loss of nasal field in left eye; same developing in right. Ring scotoma. | Obj ‘ dimly seen in dotted 
areas. V = +f; R. and L. 


It retains its acuity in a relatively high degree to a OR even when extremely | 
contracted, and nearly always survives the PID nant. | 

Colour vision is lost in proportion to vision for White in accordance with the very 
slowly progressive nature of the lesion. A speci Egllow-blue amblyopia has been noted, 
but is not a commonly observed feature, Os on account of the stage at which the 


cases usually come under observation. N 
The defects progress slowly and con ly and incline strongly towards symmetry in 
the two fields, although they ma ore advanced on one side than on the other. 
Exaggeration in dim light, the so-caNed torpor retinæ, is a prominent feature throughout. 

Variations from the typt haracters have been described, but are uncommon. 
The ring scotoma may in chiefly by centripetal extension leaving a relatively 
“ore, and sometimes the central field may be lost before the 
NN Nhiled. Central scotoma is also reported, but is rare. 


On? 


outer part has com 


The field = srrespond approximately to the pigmented area of the retina, the 
ae 
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chief difference being apparently in the direction of excess of field defect over visible 
pigment. 

In early cases, in which little or no pigment can be discovered (retinitis pigmentosa 
sine pigmento), the ring scotoma is present, and its character assists the differentiation 
from other varieties of night-blindness without retinal changes such as the congenital 
hereditary non-progressive form, in which the fields are contracted, especially in feeble 
light, and from functional cases. 

An ophthalmoscopic picture resembling that of retinitis pigmentosa may be present 
in cases of retinal pigmentary degeneration secondary to chronic choroidal disease, but 
numerous scotomata, varying in shape and size, are distributed throughout the field, 
seldom forming an actual ring scotoma, and never as the first sign, though they may be 
more numerous in the intermediate zone. These scotomata appear to remain stationary 
for a long time, and the peripheral contraction is slight (Hepburn, 106). Hepburn 
considers that the perimetric findings may be useful in differentiating between these two 
types in cases in which the diagnosis on other grounds is doubtful. 

Prognosis is guided by the fact that the central field usually outlives the peripheral. 
As long as there is some vision in the periphery, complete central loss is, for the most part, 
still some distance ahead. 

Beyond providing additional evidence that in the first instance it is the retinal 
outer layers which suffer, perimetric studies have done little to throw light upon the 
pathology of the disease. 


Other Varieties of Ring Scotoma due to Impairm A, Outer Layers 


yalnutrition. These cases form 
between actual injury at the one 


Ring scotoma may be due to bright light or 
a somewhat indefinite group in which the distingf 
extreme and a psychical manifestation at the o is often obscure. 

Examples have been reported follow] posure to lightning flash (Hancock), 
and to furnace light (Claiborne). Diff ht light (Peter, 195) was apparently the 
cause in the cases of fliers and antj-a t artillerists observed by Zade, who found 
narrow, relative, annular or sickle-Maped defects peripherally situated usually about 
50°, rarely less than 35°, from t xation point. Such scotomata were temporary, 
but sometimes remained for ral months and were avoidable if dark glasses were 
used. Somewhat similar KO ta were found by Speleers and Jess in cases of visual 


damage by sunlight. 

Ring scotomata 0 zind are, with possibly a few exceptions, functional in origin, 
and are disting O their very narrow width, peripheral position, and progress 
towards recover% when the cause is removed. 

In night a ness due to malnutrition or war conditions, ring scotoma has been 


x +. . . e Ps > 
found. Pe y has proved of service in separating those cases due to definite choroido- 
retinal dideaje from the—under campaign conditions—commoner form due to functional 


ENS i, an Important matter in connection with treatment and the allocation of 
i 
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A degree of night blindness is often present in myopia, and ring scotomata have 
been found (Usher), but their causation is not thoroughly established. Apart from 
choroidal disease they are probably psychical manifestations. 


Eclipse Scotoma 


Here vision by Snellen’s types is often good, though symptomatic of central scotoma, 
and ophthalmoscopic examination may be negative. The scotoma is usually very small, 
often less than half a degree in diameter, and may be exactly central or, more commonly, 
may extend rather more to one side of the fixation point than to the other. It is relative 
or relative with an apparently absolute centre, the loss for colour being more extensive 
than for white. A permanent impairment of vision for yellow has been recorded (Mackay). 
While the diagnosis is usually easy the examination of the scotoma provides additional 
evidence, which is always helpful, and sometimes essential. 

A large and dense scotoma indicates a relatively bad prognosis, although a high 


Fig. 28.—ECLIPSE SCOTOMA. 
Each circle represents one-eighth of a degree. Scotoma for pyg red (brok © with centre for 
tovg White. Maximum diameter just over 0-5°. Vision } plus. Sli acropsia present. 


degree of recovery, except in the worst cases, is the rule. ©) 
complete, the actual degree of restitution should be ed by the screen, for vision 


recovery appears to be 


while a small scotoma remains. 


may reach $ with ability to read print with fair fluerey 


Detachment of t ojina 


The perimetric evidence of detachment, retina consists of visual loss varying 
in intensity and corresponding in RR sition to the projection of the separated 


area. 

The defect is usually too ÉA, and after some time becomes absolute. It 
merges into the seeing field by a sNpfng marginal zone of varying width and gradient 
according to the nature of nee A sharp edge may be mechanically produced by an 
overhanging fold of balloon ina, and the transition is usually less abrupt in recent 


than in old cases. R S 
An interesting N s the relationship of the field for blue to that for red. When 
d 


the retina is elevate erous fluid the resulting defect for blue is relatively more intense 
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Fig. 29.—DETACHMENT OF RETINA. 


. . 6; . 
B. Isopters for red and blue 49 from same case, showing relative central defect for blue. True colour interlacing. 


Red... Blue — — — — 


A. Isopters for 33%, 335 and 385. Field for 7-5 coincides with that for 5, except on nasal side. V = $. 
33 


NY Fic. 30.—DETACHMENT OF RETINA. \ 
Lo) or 330» 330 and zły white and 729. red and blue. V = $. 


of the RY ds. Blue appears green or greenish, whereas red is correctly seen, pre- 
sumably vount of the impaired nutrition of the outer layers, and perhaps also because 
of the. ation of the cones from the pigment cells by a layer of yellowish fluid. This 
o ng 1s often best elicited in the central field where colour perception is normally 
mN cute, and is more easily found in recent cases in which the retina is still functioning 
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fairly well. It was regarded by Treitel as pathognomonic of detachment, especially 
if present in a circumscribed area. According to Köllner, relative blue blindness 
(acquired tritanopia) occurs in other conditions in the central area of the field, and is 
rarely an early symptom of detachment. Personally, I have observed it at a very early 
stage. 

The examination of the field defects in detachment is of value: (1) In assisting the 
diagnosis where ophthalmoscopy is difficult or inconclusive ; (2) in estimating the extent 
of the separation ; (3) in estimating the degree and the uniformity of the functional 
loss of the separated retina ; (4) in discovering the possible presence of a second lesion ; 
and (5) in determining complete healing with functional restoration. 

In the great majority of cases the diagnosis can be established by ophthalmoscopic 
examination alone, but while this method can usually easily detect the area of visible 
or gross separation, it may leave the observer in some doubt if the detachment is very 
shallow or the media obscure. As a preliminary test, the confrontation method, carried 
out first in daylight, and then in reduced illumination, is very useful, and the elicitation 
of a defect in the latter case, doubtful or absent in the former, is most suggestive. The 
perimeter and screen help to establish the diagnosis and show more truly the exact 
extent of the lesion, especially if the examination is conducted with small white test 
objects and with colours. The defective area found by small white and coloured tests 
is always larger than that found by an object of moderate size, and often more extensive 
than the ophthalmoscopic appearances would suggest. | 

By using a series of test objects, the degree and uniformity of the functi | impair- 
ment may be estimated, features which may be significant in certain case A 

While we may hope for the development of some method by w he earliest 
signs of the onset of detachment, at least in those cases in which Yagfset is gradual, 
may be demonstrated, it is doubtful, having regard to the pat RO detachment, 
whether the detection of an area of impaired vision or the fail etect any such area 
in a case in which the possibility of future detachmen uspected, would be of 
definite prognostic significance. Nevertheless, in a) he field should not be 
neglected, as the perimetric findings form a valuable p§gt ofthe clinical picture. 

In order to estimate the degree of functiona very when reattachment has 
apparently occurred, the field should be thoro SE by serial objects, colours, 


or in reduced light, before forming an TO 
0 Choroidal Tumour 


Retinal Detachment E 

Although in most cases of deta Nii associated with choroidal neoplasm the 
growth is visible and the agnor operatively easy, the study of the field changes 
is not without interest, and a ‚perfetrie distinction between the so-called idiopathic 
detachment and that due to would be of value to the clinician. In the former 
the retinal separation is sO an end result in a diseased eye, whereas, in the latter, 
the choroid and retina a, thy apart from the local effects of the tumour. In tumour 
cases the retina is ll elevated by the neoplasm, but not detached, and, to begin 
with, no N netional disturbance is produced. As growth progresses visual 
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Fig. 31.—CHOROIDAL TUMOUR WITHOUT FLUID DETACHMENT. 


A. Scotoma corresponding to area of tumour only. Objects 385, 347. V.c. + 4:5 D.S. = $. 
B. Isopters for 2, blue and red in same case. Complete nasal defect ; no interlacing. 


Q 280 270 260 
N Fic. 32. 
Same five days later, © terlacing above corresponding to appearance of fluid detachment below tumour. 


loss appears owikgAo interference with the retinal outer layers, though little if at all 
with the nerGyibre layer, and finally the tumour emerges through the thinned and 
stretched gaia. At one stage or another serum is exuded from the choroid, and, in 
additio he solid elevation of the retina, an elevation by fluid is produced. As 
SS as pointed out, this detachment often comes on early while the tumour is 
qe mall and, especially if the tumour is in the upper hemisphere of the eye, may be 
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quite separate fromit. There may or may not be a detachment at the site of the tumour, | 
and when present it may be relatively small. | 

The field changes are firstly those due to interference with the retina by the tumour, 
and, secondly, those due to the detachment. The relative prominence of the two sets | N 
of changes depends upon the stage at which the detachment occurs, and the area of retina 
which is in contact with the tumour. 

A scotoma develops corresponding to the site of greatest damage to the retina. 
It might be supposed that, as the photo-chemical elements suffer first, such a scotoma would 
be characterised by relative blue blindness, but, in a personally observed case, specially if 
suitable for the examination of this point, the defect for blue was smaller than that for 


go__$0 100 so 99 __ 190 
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B 
Fie. 33. x 
A. Sarcoma of Choroid, with great elevation at site of tumour and deep flui, ment above, coming down to 


and elevating macular area. 

Periphery for z%5 and 545 normal. Defect for 345 white does not include fix}i8@ area. 

B. Isopters for red and blue əy from same case. Peripheral boundar' ed omitted. The defect for blue i 
larger than that for red and includes fixation area. Red object @mly en in dotted area. Blue — — — -. — 


Redis Mo etek as 


red, and both colours were well seen over the edge w/the tumour. Visual acuity does 
not appear to suffer severely, at first, at any @ on account of the elevation of the 
retina by a choroidal growth. Q il 
As the retina becomes damaged t Ley becomes more intense at the injured I 
part, and when the tumour emerges BSS vitreous it appears rather to push the nerve | 
fibres apart than to destroy them, the fibres interrupted which pass over the site i 
| of the tumour the field defect woutdjAclude a peripheral area corresponding to the part | 
| | of the retina from which the {Gass are derived. Roenne points out that this does not 1 | 
4rea concerned was only slightly depressed. It would, I 


occur, and in my case the ‘o's 

| therefore, appear that, inal fibres, like those of other parts of the visual path, 

4 are resistant, and ca much deformation and stretching before becoming function- Ht 
ally impaired. N ee | 
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When detachment of the retina becomes superadded, the signs already described 
are present, and in the case mentioned interlacing of the fields for red and blue was the 
first sign elicited. The field now shows the usual perimetric features of detachment, 
together with, at one part, a more intense scotomatous area corresponding to the most 
damaged part of the retina. According to Berry (8) and Domec, detachment due to 
tumour is characterised by sharp definition of the field defect, and the latter observer 
also noted that the extension found on examination in dim light was less generally present 
in tumour cases. In simple detachment, central vision is nearly always more or less 
reduced, in tumour cases it is more often good or only moderately impaired, unless, of 
course, the macular area is directly affected. The conditions found will naturally vary 
with the circumstances of each case. Should the detachment come on early, it is possible 
that, as Parsons has shown, the scotoma corresponding to the tumour may be much less 
intense than the defect over the detachment. It is also probable that a peripheral 
defect due to interference with the nerve fibre layer by the growth of the tumour will 
not be frequently observed as the detachment may become very extensive or other 
changes may supervene, or the eye be removed, before this stage is attained. 

As regards the practical problem of diagnosis, it is evident that, in cases of recent 
detachment of doubtful causation, the presence of a circumscribed more intense scotoma 
within the relative defect or of two separate defects, one above and one below, is suggestive 
of tumour, and indicates examination of the quality of the changes. It is perhaps unlikely 
that perimetry will be frequently required in the diagnosis of choroidal tumour, but as a 


supplementary method, especially in the early stages and in dqubtful cases, it is deserving 
of attention. A 


Other Affections of the Retinal KE fayers 


In thrombosis of the retinal vein, Foster Mo®eNound moderate contraction of the 
field with occasional irregular defects and a Nein constant central or paracentral 
scotoma which may be relative and may reg, dim light for demonstration. Where a 
branch only was affected, no sector def sponding to the drainage area of the vein 
was observed, and no central scoto ss the vein was directly concerned with the 
macular area. Moore’s cheatin of interest as indicating that the venous back 
pressure and hemorrhages in the initw#retinal layers do not seriously affect the conducting 
power of the fibres, in contr Gnction to the results of similar lesions in other parts 


of the nerve path where the are more confined. The scotoma may be explained by 
the cedema and subse hänges affecting the outer layers of the central part of the 
retina found by Willi -Noble. 

According t er, acquired relative blue blindness in the macular area is 


frequently presen commencing albuminuric retinitis. 

It may ale elicited in macular cedema from any cause, with or without star figure. 
In cases of éagh Intracranial pressure with gross swelling of the optic disc the detection of 
a RR tral scotoma of this type, presenting retinal outer layer characters, is of 
valy&X whe diagnosis of the cause of the visual failure and in preventing confusion with 
otf ses such as optic atrophy or local pressure on the nerve path. 


sh 
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II. CONDITIONS AFFECTING THE CONDUCTION APPARATUS IN THE RETINA I 


Apart from the toxic amblyopias and glaucoma the retinal part of the conducting 
apparatus suffers in certain choroidal and vascular lesions which interrupt the functional | 
continuity of the nerve fibres. Such interference produces field defects of nerve fibre p 
bundle type whose distinctive characters have already been described. | 
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Acute Exudative Choroiditis 

As has been pointed out, the nerve fibre layer is not affected by the lesions of ordinary | | 
disseminated choroiditis. On the other hand, certain acute exudative inflammatory | 
foci, which differ from the disseminated type in that they are few in number or solitary, i 
often penetrate tø the fibre layer. The visual consequences reflect the amount of damage | 
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Fie. 34.—CHOROIDITIS JUXTA-PAPILLARIS | 
ul 
Arcuate scotoma involving blind spot. Test objects: A. 33% and ; nn py B. 339% 1895 and rovo. i 


330 dimly seen in area marked by dotted I 


done and consist of a field defect corresponding injury to the rods and cones, i 
together with, in proportion to the depth to whigh te lesion has penetrated the retina, i 
a second defect corresponding to the area of dj tion of the nerve fibres involved. In Hh 
mild cases the outer layer defect may be (7 one ; when the condition is more severe 


the inner layer defect is added. | 
A lesion of this kind occurring a edge of the optic disc is known as choroiditis 


| 

es j 

or retino-choroiditis juxta-papilląfis sen), and produces the characteristic arcuate or le 
cuneate nerve fibre bundle defect. hen the lesion is at a distance from the disc the I 


truncated. The scotoma corresponds to the retinal ih 


defect is of the same natu 
res come, and may or may not extend to the periphery. I 
| 
| 
| 


area from which the affect 
As is so common in nerg¥e 


fe bundle defects, the fixation area is unaffected unless the 


macula is itself th N he lesion. | 
- In Jensen’s IN e defects varied in extent from a half to one and a half quadrants i 
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| | of the field. From a study of recorded charts, Van der Hoeve believes that the lower 
| part of the upper outer field quadrant, together with the fixation area and a small area 
[i below the horizontal meridian on the nasal side, are, as far as is known, always spared. 
The lesion may, however, occur in the macular area producing a central defect, and 
Roenne has found the lower part of the upper outer quadrant also involved. These 
scotomata are as a rule sector-shaped, and comparatively wide and extensive, and often 
| occupy the greater part of a quadrant. They do not imitate the narrow, paracentral, 
IM sharply curved defects found in the central field in glaucoma, but somewhat resemble 
| in shape the well-advanced Bjerrum defect in that disease. The intensity is nearly always 
absolute and uniform, rarely relative, and the edges are steep. When the lesion is at the 


A. Horizontal radiate scotoma on temporal side oki t corresponding to lesion on nasal side of optic disc. 
Objects 335: : 


IM Fia. a 
| 


+. 


330: 3000 2000" 
B. Wedge-shaped defect in temporal field copre g to lesion at upper inner side of optic disc. The lesion 
was situated a little way from the disc, Seeing the gap between the absolute defect and the blind spot. 


| Objects 335 : zvo: 

ih O 

i | | disc edge the absolute defect is@%yectly continuous with the blind spot, whereas in glau- 

1 | coma and in arterial mO the intensity sometimes diminishes towards the blind 

i spot. The defects are and permanent. The recognition of the field changes 

| | I is of value in TEN e condition in recent cases from optic neuritis, which it may 
m 


ll resemble owing toghe inent swelling of the disc, and in older cases from post-neuritic 
| | atrophy. 

| T | It is not probable that here also the effect on the nerve fibres is produced by 
| | interferenco NH their blood supply by the occlusion of nutrient twigs by the inflam- 
| | mator 


| ognosis is good in respect of central vision unless the macula is directly 
NE I | 
| INS : The sector or arcuate defects are always permanent. 
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r Obstruction of the Retinal Artery . i 
a Angiospasm, embolism or other forms of obstruction may affect the retinal artery N 


or one of its branches, causing ischemia of the nerve fibre and ganglion cell layers. It 
is only in branch obstructions that perimetry is of service, since in complete blockage no ji 


e perception of light is present. A branch may be involved or the main trunk may be | 
n blocked while a patent twig arising above the lesion or a cilio-retinal twig may be respon- | 
i sible for a spared area. | 
| 
S | 


Fic. 36.—ARTERIAL DISEASE. O | 


1 ak 


Relative defect extending to blind spot. ‚Vision $ plus. Test-objects 335, 330» KA 


AO 
A OBSTRUCTION (ANGIOSPASM). 
A. Miss I —. Ny rs. Third attack. V =$. Objects 350 330, 530° Central field 39yo 
B. Miss E RN years. First of two attacks. Objects 34 330- 
Note I bari 


ty to field changes in glaucoma. 
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The defect due to branch obstruction is of the nerve fibre bundle type, and is sector- 
shaped, having its apex at or near the blind spot. The sector is usually fairly large or 
may occupy about half of the field according to the distribution of the affected branch. 
The centro-cecal area, if separately supplied, may be preserved alone, or, if its supply 
only is obstructed, may show the only defect—a rare condition. In complete obstruction 
of the trunk of the central artery, Coats found a retained area in the neighbourhood of 
the blind spot, extending temporally to a greater extent than nasally, suggesting the 
establishment of a collateral circulation around the optic disc. De Schweinitz and 
Holloway found that a large central scotoma may be an onset symptom, a small central 
scotoma remaining permanently, a rare occurrence which they attributed to an affection 
of the macular bundle due to cedema of the nerve caused by the arterial obstruction. 
Sometimes a very large area of the field, inconsistent with the ophthalmoscopic appear- 


Fic. 38.—A 
Horizontal hemianopic defect with diviside of 


Ba ie 
ation area. V = 38. Objects 53% and sovo: 


ances, may be affected at first, recowefe to a sector defect in a short time. This may 
be due to an interference with the capWlary supply of the nerve fibres on the disc, restored 
subsequently by collateral ci jon. or to a partial relaxation of the spasm. 

Partial obstruction Koi takes the form of occlusion of a temporal branch 
producing an upper o sal sector or arcuate defect with a straight boundary 
along the horizontal yS Go the field change of glaucoma. As in glaucoma, 
the fixation area e spared, the scotoma arohing around it, but frequently it is 
divided horizonta ision remaining good in the retained portion, so that the upper or 
lower half of ter of & may be read (Roenne). This feature is very exceptional in 
glaucoma. ooested eater is that the fovea is horizontally traversed by a 
in addition to the nerve fibre raphé, which extends only to its temporal 
the macular fibres, which are sheltered in glaucoma, are only rarely protected 
o-retinal twig in obstruction. The characters of the defect indicate that it 1s 


e 
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due not only to the extent of retina rendered ischemic, but also to the number of nerve 
fibres deprived of blood as they pass to the disc. The frequent typical nerve fibre 
bundle shape of the defect shows that the latter cause is very important. Should part 
of the affected area of the retina receive a fresh blood supply from adjacent sources this 
will not result in a diminution of the field defect unless the corresponding nerve fibres 
are also properly nourished throughout their whole length. An anastomotic supply to 
the macula cannot restore macular vision if the macular fibres pass through an ischemic 
area at any point on their way to the papilla, and the exact results of the obstruction 
depend on the condition of the terminal arterial twigs near the papilla as well as at the 
macula, 

Diagnosis does not usually require the aid of perimetry, which is, nevertheless, of 
great value in old cases of branch obstruction when the history is vague and the ophthal- 
moscopic appearances inconclusive. The resemblance of the defect to that of glaucoma 
is likely to present difficulty only in certain cases of chronic retinal arterial disease with 
raised ocular tension sometimes met with in elderly persons. Even here thorough 
examination will always indicate the true nature of the case. 


Nerve fibre bundle defects may also occur in retinal heemorrhage if the bleeding has 
damaged the inner layer of the retina. A defect extending to the periphery may be 
produced in this way by a small hemorrhage near the optic disc (Baas). Bundle defects 
have been recorded by Groes-Petersen in a case of foreign body in the retina, and by 
Roenne (212) in a case of albuminuric retinitis. 


—_ 


CHAPTER VIII 


GLAUCOMA 


No ocular disease is more intimately associated with perimetry than glaucoma, 
This connection has produced reciprocal advantages, for our clinical knowledge of 
glaucoma has been greatly advanced in recent years by perimetric studies, and it is 
largely to the investigation of the field of vision in this disease that perimetry itself owes 
its present state of development. | 

Regarded from the aspect of the site of interference, glaucoma lies between affections 
of the retina and those of the nerve, and while the chief interference is at the optic disc, 
there is also probably a certain amount of retinal impairment. 

In the acute form, owing to corneal cedema and for other reasons, the part played 
by perimetry is usually limited to a rapid and rough estimation of the area and acuity of 


whatever vision is present. XThe whole field is greatly depressed, sometimes predomi- 
| 
t 


nantly on the nasal side, especially if a chronic type of the disease has pre-existed. X 
In chronic eh (glaucoma simplex) perimetry is of great importance, as it is 

only by its means that the amount of damage done can be ascertained and the rate of 

progress watched. 

p The main features of the glaucoma field are depressi ith peripheral contraction 

A more pronounced on the nasal side, associated with a step and, later, wide sector 


| | defects: the defects are relative at first, and En en well developed, and colour 


vision is not impaired in a disproportionate d. Central vision is almost always 
| retained until a late stage, when the BED Ne has mostly disappeared. 

ip | These features remained unexplain N ihe demonstration by Bjerrum of the 
iF nerve fibre bundle defect. The screen OF tion unclothed, as it were, and analysed 
i the gross changes found by testing wi visual angles, and displayed their true nature 
I) and significance. The shartni changes a glaucoma are nerve fibre bundle 


defects, and in glaucoma this K ofdefect attains its highest development. 


The first fibre groups t cted are those of the nerve fibre bundles, which pass 
from the horizontal raphé ittle distance beyond the temporal side of the macula 


around which they EIS er the upper and lower margins of the optic disc. The 
field defect correspon his anatomical arrangement and consists of a curved scotoma 

EZ EEE: | 
lete semicircle, second tot 


ying usuall & the 10 and 20° circles. According to Seidel the defect in its early 
stages may h, ite short, forming a tuft or elike appendage to the blind spot, or, 


when mor SS anced, crescentic or sickle-shaped, narrow and pointed, arching from 
one 0% ole of the’ blind spot around the fixation pomt., There may be one at each 


ind spot. Seidel found this field change frequently present, as the sole 


ation of glaucoma, in the apparently healthy eyes of cases in which one eye was 


S 
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` glaucomatous. These scotomata may be inconstant, demonstrable on some days and 


not on others, and when associated with increased tension may disappear if the 
tension is reduced. Seidel also found that this small scotoma, with persistence of 
tension, might develop into the Bjerrum type, and that the latter, if the tension 
diminished, might pass back into the small type and finally disappear. 

In its more fully developed form the curved defect is known as the Bjerrum scotoma 
and arches from one pole of the blind spot nasalwards around the fixation area to the 
horizontal meridian of the field or the nasal periphery. As it leaves the blind spot it 
expands peripherally, resembling a curved wedge or a comet. The horizontal edge on 
the nasal side of the fixation area corresponds to the horizontal raphé of the retina, and 
constitutes the “ nasal step ” of Roenne. As the intensity of the defect varies in different 
parts, usually greater peripherally, a series of test-objects is required to demonstrate its 
true extent. 

Numerous intermediate forms occur, and as the changes are nearly always present 
both above and below the horizontal meridian, and always in different stages of develop- 
ment, an almost infinite variety of combinations may be evolved. 

Occasionally the curved defect may be found isolated and unconnected with the 
blind spot, though occupying a curve which, if continued, would traverse it. Probably, 
however, thorough quantitative examination would in most cases show the connection 
of the defect with the blind spot, though by no means necessarily in all. In some well- 
developed examples with absolute defect, a narrow band of retained field may remain for 
some time at the edge of the blind spot separating it from the scotoma. It ig Apt at all 
uncommon to find the cæcal end of an arcuate scotoma less dense than the al end. 

As has already been pointed out, the horizontal raphé may be regard tomically 
as a portion of the retinal periphery folded in to the fovea so that t rtions of the 
periphery are here mutually opposed. When the field area corzg8yonding to one of 
these becomes depressed, the opposite area is bared or expos ming a horizontal 
straight boundary—the nasal step. Opposite the step will be NO} the arcuate scotoma, 
since the step is merely the expression of the affection of he Pest fibres in the bundle 
concerned. The step feature is prominent when the baging*akes place at the periphery 
of the field and when the exposed side is little affect If both upper and lower sides 
are approximately equally affected, which is unugyalMthere is little or no step. When 
an arcuate scotoma extends to the horizontal (ef 
the nasal margin of the field, but not involyy e latter, its curved sides and straight 
termination give it a shape somewhat r a Turkish scimitar with the handle at 
the blind spot. There may be a curve ma both above and below, and if complete 
and sufficiently symmetrical, in ft together form a ring scotoma encircling 
the fixation area and traversing blind spot. A nasal step may be present in 
addition. . 

Somewhat rarely the fi Ni the temporal side of the optic disc become aftected 
at an early stage, leadjn horizontal oval scotoma, composed of opposed arcuate 
defects surrounding Maring the fixation area (Fig. 50). Straight cuneate defects 


due to involvement OND “dles on the nasal side of the disc also occur, though seldom as 
C.P. H 


ian between the fixation point and ` 
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isolated scotomata, and exceptionally the changes have been noticed first on the temporal | 

I side of the field. Peripheral isolated scotomata have been reported by Simon. | 
In addition to the characteristic nerve fibre bundle defects peripheral and general 

depression also occurs in greater or less degree, more pronounced in some cases, and 

| in some parts of the field than in others. It is manifested by contraction of the internal 

| | isopters in the less affected, or apparently unaffected, areas, and may not be evident 


| Ht in the temporal field, until the changes on the nasal side are well advanced. A note- 
} | worthy feature is the strong tendency to symmetry of the defects when both eyes are 
| | involved. Thus symmetrical sectors may be lost, or both upper or both lower halves — 
1 | of the fields. 


I 


When well developed these field changes can be easily elicited by the perimeter, 


Fic. 39.—CENTRAL DEP N IN EARLY GLAUCOMA. 
A. Isopters for 335, 340; saya and zoho» showing ion of central isopters. Vision $ +. 
B. Another case. Central field only for 525. a ago More definite alteration of central isopters. V = -% +. 


Peripheral field normal. 3 
Both these eyes were glaucomatous, but wi t cupping or pallor of disc. 


the screen is essential. It4 much easier to use, and more accurate than the peri- 
meter, especially in r O the important changes which lie within the 30° circle. 
The intensity of the ‚ts is always graded, so that several test-objects are required 


to elicit the Key and degree of the visual loss. What to a large object appears 


at least as regards their Um but, in their early stages or when of low intensity, 


merely as a nasAl reftriction of the field may be shown in this way to extend as far as 


the blind spg&, Areas of doubtful or uncertain vision for a particular size of object 
and of rap} austion are common. In advanced chronic cases the defects are often 
absolut steep edges. Colour vision is lost in proportion to that for white, unlike 


its N ur in progressive atrophy of the tabetic type. As a rule the changes first 


the central field surrounding but not involving the fixation area, and usually 
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soon afterwards the periphery, but sometimes the central changes are already serious 
before the periphery is demonstrably affected. 

We may now examine the relationship of the field changes to the onset and course 
of the disease. | 

At first, the rise of tension is transitory, and the subjective symptoms vary accord- 
ingly. Early field changes may be found when the tension is raised, and may be 
undemonstrable when it has fallen, whether spontaneously or following treatment. 
The field may be normal even when the tension is raised. In other cases there is slight 
depression, sometimes confined to, or, at any rate, most easily elicited in the central 
field. This is shown by contraction of the internal isopters, so that, for example, the 


isopter for z} or for -2z passes to the inner side of the blind spot, instead of surrounding 
: N en 
it. Sometimes the isopter for +, or ‚2, is contracted, mainly, or only, above, and 


normally situated below encircling the lower, but not the upper, part of the blind spot. 
The depression is not constant, but disappears when the tension is lowered, and may be 


Fic. 40.—SEIDEL’S SCOTOMATA. 000° oy 


From Seidel’s original paper. 
the only perimetric sign in eyes definitely known to ones Taken by itself, 
it is, of course, in no way peculiar to glaucoma, thoug estive when other indications 
are present. 

This depression increases slowly, and ma 
though its intensity is slight. The arcuate 
stage, when the depression is little in evi J so that there may be advanced central 
defects with no perceptible peripheral fi ange, or the depression may be widespread 
though still slight in degree before Cy pear. 

It may be presumed that thg eärtfest perimetric sign in glaucoma, or in any other 
gradually developing lesion ot Orion path, is the sign which requires the weakest 
stimulus for its detection. Cy scotomata of Seidel were demonstrated with objects 
of =. and „2, correspon dns to visual angles of 10-3’ and 8-6’ respectively, which are 
four or five times la n are necessary to elicit relative defects of slight intensity. 
Using objects of =. or I have personally been unable up to the present to elicit 


200 2000’ 
HE2 


me demonstrable all over the field 
s may develop at a relatively early 
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scotomata of the Seidel type in early cases, but always more extensive nerve fibre bundle 
defects if any. This suggests that the Seidel scotoma may be the more intense part of 
a larger relative defect. That the use of a delicate test should show that the arcuate 
type of scotoma in its inception springs into existence rapidly, although not with 
uniform intensity, over a large extent of the area of a fibre bundle seems only in accord- 
ance with what might be expected. We see then that in the initial stages of glaucoma 
the field may be normal or show slight depression, with or without an early arcuate 
defect. These changes are variable and inconstant and may not be elicited on every 
occasion. 

In the next stage these transitory conditions become permanent. While the 
tension, and with it the field changes, vary from time to time the recessions, as regards 


the field, do not reach the normal level. The initial depression persists, but does not | 


Fic. 41.—GLAUCOMA. FIELD CHANGES oe dp oe NASAL STEP AND ARCUATE SCOTOMATA. 

(In the left field the scotoma does not exten fe blind spot with the test-objects used, 535 and 3,.) 
increase much. A depression w, x is more pronounced peripherally sets in, more 
especially at the periphery of th®@fiected quadrants, so that although central vision 
declines but little, the nasa (Ay shows signs of commencing restriction. This process 
advances at first more s than the loss of field from development of the arcuate 
scotoma, which attai oy racteristic appearance, widening on both sides, but more 
especially on that a tom the fixation point. The nasal step develops and restriction 
of the nasal fiel es evident. The arcuate defect becomes doubled, foreshadowing 
the nerve fibre dle ring scotoma with isolation of the centro-cecal area. On the 
more afleeteQeyide, upper or lower, the arcuate scotoma widens into a sector defect 
and the ey 1s rolled or rotated, as it were, temporalwards producing a somewhat 

r 


irreg izontal hemianopia. When the failure is more equal in the upper and 
l Ives of the field the centro-cecal area, including the fixation point, becomes 
i d from the rest of the field and remains surrounded by a ring scotoma, which 


S 
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usually opens out or breaks through on the nasal side. It is this breaking through of 
the nasal side of the arch of the nerve fibre bundle ring scotoma, together with the loss 
of the areas of the peripheral fibres of the arching bundles in the upper and lower nasal 
quadrants of the field, which has given rise to the traditional “ failure of the nasal field ” 
associated with glaucoma. By this time the peripheral depression is becoming evident 
in the temporal field by the contraction of the isopters, which begin to shrink, although 


the more central part of the temporal field, that near the blind spot, remains relatively 
undepressed. Temporal nerve fibre bundle defects are not common, and anything like 
a straight Bjerrum scotoma, in the form of an isolated, narrow, sharply defined, cuneate 
defect extending from the blind spot horizontally to the temporal periphery, is unknown, 
although in those cases in which the field assumes the form of a horizontal hemianopia 
it is often evident that the straight margin of the field corresponds to the radial direction 
of the nasal fibres. The peripheral loss now proceeds more rapidly than the central, 


Fie. 42.— GLAUCOMA. 
Showing isolation of central field, nasal step and peripheral nasal The isolation is incomplete in the 


left field for the objects used, ṣọ- g 
so that while the oval centro-cecal area shy wly the remaining parts of the field 
gradually disappear, until all that survi patch to the outer side of and near the 
blind spot, while central vision is s ION ves well preserved. The temporal patch 
becomes smaller, the diminished E focal area becomes cut off from the blind spot, 
and then the fixation area is lgst, faving a narrow isolated horizontal strip between 
the two (Figs. 45 B, 46 A.) gen and then lastly the area outside the blind 
spot. Central vision Rae til a late stage, and it is noteworthy that, although 


the centro-ceecal area QWirsists in an almost stationary condition for a eons ale 
period while Las Ni loss is increasing, when the end comes it is practically 
r 


always EN e peripheral temporal patch. 


e 
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Fie. 43.—GLAUCOMA. 


A. Showing isolation of central field and nasal step. The arcuate on above has its denser part adjoining 
the blind spot, the lower one is denser peripherally. Objects 335, 335. V. 


36 
| B. Illustrates ae retention of the central and temporo-cxcal areas and the presence of the nasal step for a large 
object (2%) only. 

| 

| 

I 

I! = p = = í > 

EEA em et [elle : e] 


280 — z7 260 280 770 260 


Fie. 44.—SYMMETRICAL ARCUATE DEFECTS AND NASAL STEPS. 


ject (3355) was dimly seen in the dotted area. Note cuneate defect in the right temporal field. 
L.V. 3- Objects 335 : 1000 1000" 
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i Fie. 46.—TyrıcAL GLAUCOMA FIELDS. 
.V. Fingers at half a metre. 


2860 370 260 
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Fia. 47.—-ÄDVANCED GLAUCOMA. HORIZONTAL HEMIANOPIA. 


RV NE 


Fie., 
Charts on larger scale. V. 385 O ase. In B the periphery has entirely diappeared before the central 


area. 


DVANCED GLAUCOMA. TERMINAL STAGES. 
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Fig. 49. 


A. Arcuate scotoma with little peripheral change. 

B. Early central loss. 

The way in which the fixation area becomes invaded and obliterated is of interest, 
although it has not yet been widely studied. Since the fovea lies at the central end of 
the horizontal raphé of the retina, and is mainly supplied by very slightly curved fibres 
arching towards it from above and below, central vision cann&t be obliterated by damage 
to the fibres at either the upper or the lower side of the d An which would at most 
result in a horizontal division of the fixation area. termination of the arcuate 
scotoma lies in the first instance always on the nas nner side of the fixation area. 
As the scotoma widens it advances extremely towards the fixation point and 


relatively much more rapidly towards the periy Ultimately the defect has a straight 
edge from the nasal periphery to the fixati ea, corresponding to the retinal raphe, 
while from the fixation area to the bli he edge has a slight concave curve corre- 


sponding to the direction of the x = The fixation area is “spared,” and only 
exceptionally does it become O divided by further failure in the same direction. 
Almost always, owing to a similar pfe@ess on the opposite side of the horizontal meridian 
of the field, the centro-cæcal a comes isolated, forming a horizontal island of vision, 
having the fixation area j hin its nasal end and the blind spot in contact with its 
temporal end. This is cömes narrower, becomes cut off from the blind spot, and 
then shrinks away fro xation area, so that central vision is lost. Occasionally, before 
the loss of the fi rea, a small isolated scotoma appears upon its temporal side. 
Finally, the minutes#arrow strip remaining disappears. l 

Occasion IGrjhe central part of the field fails early, while the periphery is practically 
ise to an oval centro-cecal scotoma which includes the fixation area. In 


e defect has developed from two small symmetrically opposed arcuate 
scot originally meeting on the horizontal meridian to the nasal side of the fixation 
areaNerming a ring scotoma around the centro-cecal area, which becomes isolated 
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in the usual way. Then, without increasing much on its convex aspect, the scotoma 
enlarges towards the horizontal meridian, and the island of vision is lost as already 
described. Central vision is apparently never lost by the early formation of a naso- 
cecal scotoma encroaching upon the fixation area from the temporal side. 

All these changes, both peripheral and central, develop with a strong tendency to 
symmetry in the two fields, and often also in the upper and lower halves of the same 
field. At the same time no definite or rigid sequence is followed and the defects are 


L 


Er 
Fia. 50.—CENTRAL DEFECTS WITHOUT PERIPHERAL EO ILLUSTRATING THE VALUE OF SCREEN 


ANALYS 
The peripheral fields were entirely normal, and the pe r findings (A) give very imperfect information 
as to the true state of central and para-central «isi e resemblance to the centro-cecal scotoma of 
retrobulbar neuritis is present, but analysis sho ch scotoma is composed of opposed arcuate defects. 


R.V. &. L.V. &. 
Objects :—(A) R. 545. L. 337- 


(BSR 2 1 O 
2000? 2000? 2000? 2000° 
Central colour vision normal. 


always in different stages, sf while the description given corresponds to a common 
and usual form of develo@n}nt, numerous variations occur, and in a series of cases 
a great number of diff appearances and phases of the nerve fibre bundle defect, all 
of the same basal ill be found. 

The uses of pneriäetry in glaucoma may be summarised as follows :— 
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1. In throwing light upon the mode of production of the visual defects. 

2. In diagnosis. 

3. In prognosis. 

4. In helping to indicate the form of treatment, and in observing its effects. 

Interpretation —It must be admitted that the cause of the general depression of 
the field which is present at an early stage is obscure. It does not increase to the degree 
that might be expected if it were a progressive process in itself apart from the develop- 
ment of the nerve fibre bundle defects. This is shown by the fact that in the late stages 
vision for colour as well as for white is usually only slightly impaired in the better parts 
of the retained areas. It would appear to be an expression of lowered functional efficiency 
depending on the tension, and it is unnecessary to discuss here the various theories of 
retinal compression, malnutrition, etc., none of which are completely satisfactory. 
The contraction of the nasal side of the field is still often explained by the assumption 

that the nerve fibres and retinal vessels passing temporalwards are more liable to damage 
from increased intraocular pressure than those which pass nasalwards. The error 
of this hypothesis has been already sufficiently exposed by Elliot. The evidence of 
perimetry strongly indicates that it is the anatomical conditions of the disc, and not the 
length of the fibres between the disc edge and the retina, which determines the order 
in which the fibre groups suffer. Perimetric studies show that the first fibres affected\, 
are nearly always those which enter the disc to the outer side of its upper and lower poles, 


“successive fibres to the nasal side of these groups are then involved and the papillo- 


macular bundle usually very late. It appears to be the fibreg in the neighbourhood of 
the large vascular trunks which are most susceptible. Outer to symmetry in 
the fields is evidently a reflection of anatomical sym n the discs. Undoubtedly 
the formation of the glaucoma cup is an important fa ut this is the result of pressure 
actingineach case upon a certain form of disc so tha erent varieties of cupping depend 
upon details in the structure of the disc RO the pressure began to act, while 
the degree of pressure and the duration of ¢tyction probably influence the amount, 
rather than the kind, of cupping. Q 

The study of the arcuate scotome,d ittle to solve the problem of the structure 
of a nerve fibre bundle. Assuming the most peripheral fibres lie most superficially, 
we may suppose that where an archin®#undle traverses the vertical meridian of the retina 
the crossed fibres apply themsgl to the deep surface of the uncrossed, and then both 
pass the margin of the disc oe diverging later to their appropriate positions in the 
nerve. If we also assu Q fe fibres next to the edge of the scleral foramen are most 
hable to damage, we s expect to find that the arcuate defect begins at the edge of 
the blind spot an ally extends peripherally. Only to a limited extent does the 
mode of developm&aof the field changes support these assumptions. The defects do 
not always crea@Qgut from the blind spot, but often towards it, nor is the most intense 
part of an e scotoma always that which is nearest the blind spot (Figs. 45B, 46B, 
47). oe aporal field the failure is mainly peripheral from the first, and extensions 


from nd spot are uncommon, while the final remnant of the field is often close to 
the Ww side of the blind spot with which it may remain in contact until a very late 
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stage. For these reasons it is clear that the frequently advanced explanation of the 
production of field defects in glaucoma by compression of the nerve fibres against the 
edge of the scleral foramen cannot be accepted without reserve. 

The evidence of the scotomata suggests that it is not the nerve fibres but their blood- 
vessels which are compressed, in the first instance at any rate, and that in this way 
the precise nature of the defect is determined. On this hypothesis the appearance of an 
arcuate scotoma at some distance from the blind spot may be explained by assuming 
that one of the arterial twigs passing to the group of fibres concerned was so related to the 
disc edge as to become stretched or kinked and so more or less occluded. 

The absence of disproportion between the defect for colour and that for white 
indicates that as the nerve fibres become involved they are severely affected. There 
is little evidence of the partial impairment of a considerable percentage of the fibres in 
an affected group in the early stages, but rather of the severe impairment of a small 
proportion or of a narrow bundle. In the central field the lesion appears to involve the 
fibres in small groups, suppressing the function of each before the next is included. This 
is well shown in chronic cases by the steepness of the edge of the arcuate defect in the 
central part of the field. There may be quite a narrow band of absolute blindness only 
2° or 3° in width passing to the blind spot, bounded on each side by areas having 
almost normal visual acuity. Such a band represents a fibre group about twice as wide 
as a retinal vein at the disc, completely blocked, while the fibres immediately adjoining 
are practically unharmed. The explanation is probably anatomical and concerned with 
the vascular supply of the nerve fibres. 

The correlation of the disc changes with the field defects presents ong in and 

ounced field 
test. In most 
aes can be inferred 
cially extreme pallor 


difficult problem. Some observers have found that the area of mos 
change corresponds to the part of the disc where the cupping appear 
cases, however, neither the position nor the degree of the field ¢ 
from the cupping, though, on the whole, extreme cupping an ö 
are associated with severe field defects. 

In eyes which are definitely glaucomatous, that i) z, in which raised tension 
and other suggestive indications are present, oP may be apparently normal, 


or may show quite definite early pathological cuppragNwithout any field change beyond 
slight depression. Unless exhaustively tested b quantitative method, these fields 
ate indistinguishable from normal fields, @yndoubtedly in the past they have 
frequently been recorded as normal. T yearns of any form of arcuate defect 
may be regarded as evidence, possibl sf’evidence, of definite localised conduction 
interference at the disc edge, and i ny experience, nearly always associated with 
pathological cupping. If cuppi ot be discerned and an arcuate defect is present, 
other possible conditions must be ¥asfully considered and the evidence from other sources 


must be strong before thee t can be interpreted as the result of glaucoma. If the 
case is really one of glaucaft he development of visible cupping cannot be long delayed 
-= when once nerve FR have begun to appear. Unfortunately this question 


appearances. 


is complicated N rsonal equation of the observer in regard to ophthalmoscopic 
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In the absence of cupping typical field changes may be present, but only in very 
rare cases, while pathological cupping is always associated with field changes. 

The relation of the field defects to the tension would appear to be mainly governed 
by the effect of the intraocular pressure upon the nerve head. Little is known about 
the precise character of the field changes produced in the initial stages by a rise of tension 
of short duration, beyond the occurrence of depression of the field. The question is 
complicated by the presence of corneal cedema when the tension is considerable. With 
a slight rise there may be no field change, or merely a low degree of depression which 
disappears when the tension becomes normal again. Arcuate defects which come and 
go with the rise and fall of the tension have been reported, but I have not yet been able 


Fig. 51.—GLAUCOMA xO 


Both optic discs were slightly pale ; the right showed Q' um degree of cupping, the left none. R.V. f. 
L.V. &. 


personally to confirm this oberg It is very often in connection with relatively 
low tension of long duration that th&uMost advanced field changes are found ; symptoms 
other than visual are absent Èy. and the patient does not seek advice until a late 
stage. 


These and other A aroused by the perimetric study of glaucoma present 


wide scope for investi and, in the meantime, may be regarded with an open 


mind. 
Diagnosis.— the field changes are the result of the glaucomatous process, it is 
evident thatst detection, even in their earliest form, does not indicate the onset, but 


e disease. The recognition of glaucoma in what may be called its 
stage 1s developing, and, as our knowledge and skill in this respect increase, 
ect to find that the elicitation of the field changes is mainly useful in supporting 


we 
andN® rming, rather than in initiating, the diagnosis. Moreover, most cases apply 
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for advice when the other signs are so distinct that the question raised is not whether 
glaucoma is present, but how much damage has already been done. This question 
cannot be adequately answered without the aid of perimetry. Apart from confirming 
an opinion already arrived at, perimetry has a definite diagnostic value in certain cases 
in which the other signs are doubtful or insufficient. We may want to know whether 
the apparently sound eye, where one is glaucomatous, is affected, or whether a suspicious- 
looking disc, not associated with increased tension, is accompanied by field changes. 

In order to discover or exclude defects in such cases, the periphery of the field may 
be rapidly examined with a J, test, perhaps with >, in addition, but not with -5 alone, 
paying special attention to the nasal side above and below the horizontal meridian. 
Then the blind spot is mapped out with =. The isopter for sẹ and, if necessary, 
for 2., is now ascertained, and the field for these angles fully investigated, exploring 
the region of the horizontal meridian on the nasal side by circular and radial movements. 
The area around the blind spot, especially above and below, is carefully searched. Finally, 
isolated scotomata are sought for, more especially about the line of the 15° circle towards 
the vertical meridian. If no defect is found, the examiner has been unable to elicit 
perimetric evidence of glaucoma on that day, and in the absence of other signs the eye 
may be regarded as normal. 

In examining the poles of the blind spot care should be taken not to be misled by 
the normal defects present there, due to the large vessels. These defects are only elicited 
by careful search with small angles such as -$ or p they are narrow and somewhat 
indefinite ; the test-object “ goes in and out,” probably owing to slight unste§diness of 
fixation. Their relation to the vessels may be checked by the ophthalmosgage "A short 
distance from the blind spot this kind of defect splits up into branches enting the 
large vascular trunks. It does not really simulate a true arcuate sco 

The presence of arcuate defects indicates that the disease has gdvanced to the stage 
of damage to the fibres; their absence in no way contre ng the diagnosis of 
glaucoma. | 
It has already been pointed out that the shape of acy bundle defects depends 
upon anatomical, and not pathological, factors. Tig chefacters of such defects are, 
nevertheless, modified by the nature of the cause. ae it is true that arcuate defects, 
if shape and position only are considered, are, as ya®sefiginally pointed out by Bjerrum, 
in no way peculiar to glaucoma, similar field Qies occurring in other diseases do not 
analyse in the same way and can hardly be a with those of glaucoma if observation 
is adequate. Some of these defects h eädy been mentioned, and others will be 
referred to later. Nor should it be as; that a scotoma which arches from the blind 
spot is necessarily a fibre bundle Bjerrum scotoma on this ground alone. 

If, for any reason, glaucoma Suspected in an eye when it is not present in the 
opposite eye, and when the de but does not appear to be pathologically cupped, 

detected, the presence of field changes of the Bjerrum 


and no increased tension ¢ 

type can be accepted as €WtEnce of this disease only after the most careful exclusion of 
other possible caus NY ve fibre bundle defects and the consideration of the case as 
a whole. S$ 
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In the great majority of cases the signs of glaucoma, apart from field changes, are 
well developed by the time that the patient seeks advice, and the examination of the 
field is then directed towards ascertaining the amount of damage which has been done 
i and the outlook for the future. 
| Prognosis.—It is in regard to prognosis that perimetric studies are especially 
valuable. With few exceptions, the worse the field the worse the eye, and vice versd ; 
| the results of operation are much less satisfactory, on an average, when the field is 
| already in a bad state. 

The bearing of the condition of the field upon treatment is of interest to the clinician. 
Apart from other factors such as the condition of the eye and the age and health of the 
patient, the extent and intensity of the field changes and the proximity of the defect 


q 
nic cyclitis. 


270 26 & 

Il 

| Fie. 52.—Seco hall in 
| From a O 

| 


IN to the fixation area are of great imP@rtance. If the edge of the defect is found to be 
i sloping at any part, or if areas of Q9uıbtful vision are present, a progressive condition 
i should be suspected, as the slop, edge may be found to recede and the weak or doubtful 


i area to become tiat OO atous. On the other hand, a steep or precipitous 


| margin indicates that is relatively stationary or only slowly progressing at 
hy that part. The EN the defect near the fixation area should be carefully watched, 
i as the possibility LOX central vision is a constant source of anxiety to the surgeon. 
| But, as we have enfin the later stages of slowly advancing chronic glaucoma the peri- 
| pheral loss N >, WR more rapidly than the central, and the centro-cxcal area is often 
i surrounded steep-edged arcuate or annular defect, and usually remains relatively 
well pres | It is, therefore, in the peripheral field, especially in such cases, that the 

(Nie disease is most easily observed, and it is here that a watch should be kept 


progr N 
En tions as to procedure. For this reason it must be emphasised that in the 
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280 
Fig. 53.—GLAUCOMA WITH CENTRAL CHOROIDO-RETINITIS. 


In the right eye the glaucoma was advanced and the retinal lesion slight, causing loss of the lower part of the 
central field. In the left eye the glaucoma was in a relatively early stage, but the retinal lesion severe enough 
to cause great depression of central vision. RV.=$-—. L.V. = p | 


Fig. 54.—GLAUCOMA W AL SCOTOMA. 


Retrobulbar neuritis (left) twelve years previously NU . at 4 metres. Now nearly ,%. Field shows 
central defect. AN i 
R. field shows typical features of glaucoma. O 


study of glaucoma, and also in KON N the screen is complementary to, but 
does not supplant, the perimet Gi should not be used alone. ` 

It is sometimes maintain@d) at if the tension be watched the progress of the case 
and the need for surgical Tvention may be correctly estimated without recourse to 
perimetry, or at leas iled investigation of the field ; in other words, that, if the | 
tension is kept dow XS eld will look after itself. This attitude should not be adopted 
I 


OP, | 


N 
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without reserve. It is precisely in those cases in which the tension is relatively low that 
perimetry is of the greatest value, and it is impossible without its aid to be sure that the 
defects are not increasing. 

When the scotoma is beginning to invade the fixation area, operation, especially f 
if it includes iridectomy, is regarded as dangerous by some surgeons. There is no 
evidence that it is the proximity of the defect to the fixation area which constitutes the | 
danger. On the other hand, as Brandt has shown, the cases with most advanced field 
defects are less likely to do well after operation, and it is in such cases, as a rule, that the 
fixation area is most closely threatened. Other surgeons believe that the more closely 
the fixation area is approached the greater the need for immediate operation. Van der 
Hoeve’s reported cases show that, whether the peripheral field be good or bad, a scotoma 
closely approaching the fixation point does not contra-indicate trephining, which he 
believes to be preferable to iridectomy or operations involving iridectomy, when central 
vision is threatened. It seems reasonable to suppose that when the fixation area is 
attacked from one side only, it is less endangered than when menaced in several directions, 
as horizontal bisection of the fixation area is a rare event. It is well to remember in 
this connection that a threatened central area may live long, it may be for years, and 
in any case the course adopted will depend not only on the state of the field, but upon 
the whole clinical picture and the discretion of the surgeon. My personal experience 
is entirely in favour of operation when the fixation area is threatened. 

When central vision is found to be definitely depressed at an early stage, a com- 
paratively rare occurrence, it is well to carefully consider the possibility of a complication, 
especially central choroido-retinitis. N | 

In secondary glaucoma the field changes are (eae same type as in the primary 
form, but may be complicated by the existence of idal or other changes. The peri- 
metric evidence shows that the field changes of nn are due to the pressure and is, 
therefore, against the view that a CAYEROUN Ko) y ofthenerve head occurs as a primary 


factor in glaucoma. Q 


CHAPTER IX 


THE OPTIC NERVE 


ALTHOUGH it is now widely believed that in many of the toxic amblyopias the 
ganglion cells of the retina rather than the fibres of the optic nerve are primarily 
involved, it is convenient to adhere to current classification and to include these 
conditions under the heading of affections of the nerve. 

For our present purposes the following grouping may be adopted :— 

I. Intoxication and inflammation. 

A. The toxic amblyopias. 

B. The various forms of retrobulbar neuritis, descending neuritis, and 
some atrophies without obvious preceding swelling of the optic 
disc. | 

II. Pressure. 
III. Plerocephalic* cedema (cedema due to increased intracranial pressure). 
IV. Vascular disease. 


V. Traumatism. ~\ 
Q 


I 


A. TOXIC AMBLYOPIA <S | 

The majority of optic nerve affections fall into the first gr he term toxic 
amblyopia is usually regarded as referring to conditions due action of exogenic 
poisons such as tobacco, although toxins produced with body, as in diabetes, 
produce somewhat similar effects. 

Acute and chronic forms may be distinguished Spending on the action of the 
poison, the dose, and the duration of administrat@r): it is evident that clinically 
certain poisons will be found associated with tjpformer and others with the latter 
variety. The field changes consist of central s, peripheral depression, or a com- 
bination of both, and to a certain extent d of defect produced is specifically 
related to the causal agent. Thus, wit e majority of toxic substances produce 
central defects with little or no pariQhpral involvement, quinine and some others 
always cause peripheral loss, if s\mepimes central in addition. In this connection 
Uhthoff has pointed out that vo groups of poisons may be recognised. The first 
group contains poisons whic Ni tend to produce peripheral neuritis, and includes 
such substances as RO bisulphide, arsenic and others. Among endogenic 

+ 


* From mAHpns, “full to og As “ Papillædema ” and “choked disc ” refer to ophthalmoscopic appear- 
ances which may occur in S ic nerve disease this term has been chosen to indicate œdema of the disc due to 
re’ 


? 


mpare Von Hippel’s (295) use of the term “ Stauungspapille.” 
115 I 


increased intracranial pressu 
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poisons in the same group may be quoted as examples those which produce central 
scotoma in diabetes, in beri-beri, and in that interesting condition, neuritis peripherica 
gravidarum. This group is characterised by the production of central scotoma without 
peripheral involvement. In the second group the field changes take the form of peri- 
pheral and general depression, while peripheral neuritis is rare. The most important 
substance in this group is quinine ; others such as salicylic acid and felix mas may be 
included. Uhthoff (275) observes that tobacco appears to be an exception as no 
association with peripheral neuritis had been established (1900). 

It is also of interest to note that differences in the chemical constitution of toxic 
substances can modify their action as regards the visual field in important ways. For 
example, central scotoma is rare in poisoning by quinine, but common in connection 
with its close relative ethyl-hydro-cuprein, which is also much more toxic to the visual 
neurons. Again, as has been pointed out by Schirmer, inorganic arsenic compounds 
produce central scotomata which tend to recover, while toxic organic arsenical pre- 
parations such as atoxyl produce peripheral depression advancing to complete blind- 
ness. 

Such examples suggest the possibility of establishing some degree of correlation 
between the toxins and the field changes they produce, by the recognition of the 
characters of the defects, and show that perimetry has, in this respect, a definite 
réle to play, although its value cannot yet be correctly estimated. The whole 
subject of the relationship between different toxic substances and their specific 


- effects upon the visual function forms a field full of ii and as yet but little 


explored. N 
Nerve fibre bundle defects have never been f XS oxic amblyopia, although 
they occur in retrobulbar neuritis. Although Way be regarded as negative 
evidence in favour of the site of interference in the ganglion cells, much weight 
cannot be attached to it, as there is no N hat toxins can affect the fibres in the 
nerve. It rather suggests that nerve N) bundle defects arising in retrobulbar 


neuritis are due to causes not prima ic, but probably vascular. 


oh Amblyopia 
As an example of the Cy. tous group, we may examine the amblyopia pro- 
duced by tobacco as, owin Ys frequency and gradual development, this is the most 
important and most eapi died form. Although often spoken of as central, the 
scotoma is typicall -cecal in position, and is never central in the true sense, 
that is to say, peri . In shape it is horizontally oval though somewhat irregular 
in aggravated > Its characters are those of a conduction defect of moderate 
intensity, and itw/ihus most easily detected by a red or a small white test-object. At 
the time W Can. patient seeks advice the defect is always bilateral, and usually more 
RS one field than in the other. The edge which overlaps the fixation point 


is alay ürved and never lies exactly along the vertical meridian, while its upper and 
undaries curve outwards to the blind spot somewhat irregularly and usually 
aswimetrically. They do not follow the lines of the nerve fibres nor is a nasal step 
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ever present. The margins are very sloping and difficult to define exactly, and-the 
defect for colour greatly exceeds that for white. A characteristic feature is the presence 
of one or two areas of greater intensity, or nuclei, within the scotoma. When single, 
the nucleus lies between the fixation point and the blind spot; when double, one 
nucleus is usually present just to the outer side of the fixation point, and another near 
or at the nasal side of the blind spot. These areas lie on, or close to, the hori- 
zontal meridian and become connected as the defect increases, forming a horizontal 
core of the scotoma extending from the blind spot to the outer edge of the fixation 
area. 

If we trace the development of this scotoma we find that it begins by the develop- 
ment of a defect between the blind spot and the fixation point on or near the horizontal 


y defect; V.&. 
and 549, red. 


Fia. 55.—CENTRAL FIELDS FROM AN APPARENTLY UNILATERAL CASE Ne AMBLYOPIA. 
20 
00 


The right field shows typical changes ; V. ,%,. The left field shows ve 

Objects :—R. 359% 2500 z000 and 2590 red; L. 3800 2000 20) 
meridian, that is to say, the part which is found | Kas the nucleus is the first to 
appear. At this stage vision is & or thereabouts On test, and the patient 
notices no defect or only a slight mistiness. @&ytain patients it may\be extremely 
difficult or impossible to demonstrate the s Oy in its initial stage, although from 
the symptoms and history its existence 4 (ally certain. This is, however, a very 
uncommon occurrence, and depends I believe, on the patient’s anxiety to give 
positive responses than on the fai f the defect, for almost without exception, 
when symptoms occur, the scotoMag/is demonstrable. The early stage before the 
fixation area is involved can exes investigated in cases in which one eye is affected 
far in advance of the other on? is not often that an opportunity of examining this 


stage occurs. This RAS the development of the defect in the two fields indicates 


that tobacco amblyo N y begin unilaterally although patients never present them- 
selves until both GN e affected. 
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A. Shows an early stage, fixation area not yet j in left field; defect well developed in right. 
No peripheral depression for 5,45 white. 
& n& weekly for three months. Increase of defect in 
wht gontraction of scotoma near fixation area. 


B. Same after reduction of tobacco to half 


left field, denser nucleus in right field RX: 


The scotoma now merges int yr pericecal amblyopic zone and extends towards 
the fixation point as a tongyexhaped projection from the blind spot. The defect is 
larger for colour than for WAX®%and the patient begins to notice his sight failing when 
the edge of the colouy egins to invade the fixation area. A second nucleus 
near the fixation poNNYay now become demonstrable. Although the onset is in 
reality gradual, tient sometimes states that his vision failed or became much 
worse suddenly& This statement is usually made in relation to reading and indicates 
the rapid geyere impairment of a small number of macular nerve elements when the 

nucleus develops. The centro-cecal scotoma is now definite for 

colour ay require an angle as small as »,'55 for demonstration with white, while 
the<ia&ernmay be very much more intense. At this stage the peripheral field for white 
ur will be found intact for large visual angles, but if examined on the screen 
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Fic. 57.—MODERATELY EARLY STAGES IN TWO NE 
A. Objects 519, (blind spot), zobo; sopo red. Note defect extending wards from blind spot, and 
depression for red not involving fixation area in the left field, bugginvolVing it in the right. R.V. &; 
L.V. $. 
B. In the left field a centro-caecal defect for red „59, with def Ye s in which sy white is not seen. 
The field for red „3%, shows an indentation in the upper outer q¥edrant, but is not yet broken through. 
V. &. The right field shows characteristic breaking QF for red z2%,, with two small areas of 


intensity. V. 5%. 
the colour field within the 30° circle wi D. found impaired in the upper outer, 
or in both outer, quadrants, in adit the oval area of the scotoma. Central 
vision varies from $ or even $ to AX according to the relation of the scotoma to 
the fixation area. 

As development proceędghhe scotoma enlarges, its central core increases and 
becomes apparently absol parts, and the fixation area is well overlapped, so 
that central vision falls 4a&Jor less, although the edge of the scotoma rarely extends 
to more than 5 or 6° i agal side of the vertical meridian. The colour field becomes 
severely affected, N otoma breaks through above, usually in the upper outer 


2 
N 
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Fic. 58.—DIFFERENT FORMS OF THE ER. TENSITY. 


A, central core. B and C, separate intense areas in the most co 
Objects: A and B, 538, red, zogo white; C and D, 5385, 349), 7 


sitions. D, single intense area. 
and soyo 


quadrant, and then the lower quadrant fails, at the field for red is reduced to a 
crescentic area on the nasal side. In seve Ch: all perception of red may be lost 
according to Groenouw, but I have n this if large enough objects are used. 
Similarly, the temporal field for a sm stal angle for white, „5. for example, may 
be lost. Some general LE e whole field occurs also, so that slight peri- 
pheral contraction for white ma ound ıf small visual angles are used. Complete 
blindness appears never to OY even in very aggravated cases although the use ol 
tobacco is continued. 

During recovery th 
which appear last dit 
owing to the sey 


retraces its steps, and, in a general way, those features 
ar first. In cases which are obscure or doubtful at first 
of the visual depression, characteristic features emerge as 
recovery proceeds. lhe colour field creeps round into the temporal field, the scotoma 
becomes smaller, More defined and more steep-edged, the core or nuclei remaining 
longest. Ir y severe cases quite good central vision may be restored with large 
absolute omata projecting nasally from each blind spot, but not reaching the 
ET Central vision may return very rapidly or even almost suddenly after 
a N of slow and disappointing progress, a feature which may be explained by the 
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y 
j- 
e Fig. 59.—EARLY STAGES WITH MODERATE ia Gj N OF VISION | 
f Note absence of depression of central field for white (gyo isapter 6rmal). Vision: A, B, C, $, D, I 

rapid recovery of some foveal elements. Orey does not always closely follow 
8 abstention from tobacco; the vision ain stationary or may decline during 
t the first four or six weeks owing to, re extensive invasion of the fixation area. 
g This corresponds to the history obtained, that tobacco had been stopped or 
a cut down for some time before ce was sought. Snellen’s test is inadequate in 
g these cases for, although centf@yvision may appear stationary when examined in this 
e way, the patient often say, he sees better and the campimeter shows a recession 
e | of the defect. J 
r Interpretation. ioni that there is no positive indication as to the site of 
e interference, which\wsht be either retinal or neural. The absence-of nerve fibre 
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Fic. 60.—MoRrRE Ava) CED STAGE. 


Central field for 5,4; reduced, isopter for 5,2 Ge: on of that for 5,4,5. Scotoma more intense. 


2000* 
In © note very intense scotoma with field for „X, rgfl reduced to a nasal patch. Central vision poor. 


bundle or zonular defects might b arded as negative evidence in favour of the site 
being in the retinal ganglion gellSor alternatively as merely an expression of the 
absence of any gross infla gry reaction in the nerve. The peculiar distribution 
of the scotoma, almost e ) in the area of the crossed fibres, is common in retro- 
bulbar neuritis and ca @Onds to no special structural or vascular arrangement in 
either retina or Prey ar as is known, nor to any functional quality, the macular 

d very unequally and severely only in aggravated cases. The 


elements being AS) 
evidence is stron®#f against the view that those elements whose function is most 
hishly ee are more easily affected. We must remain contented with the 
1 assumptiog dit t certain nerve elements have a special affinity for the poison of tobacco, 
\and Nm. are affected in the order of their susceptibility. ‚This view is supported 
t 


RR 


that in tobacco poisoning no other type of field change is produced. Increase 
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FıG. 61.—RECOVERY. 


Central field of the right eye in a case of tobacco ambiyopia at an interval of a fortnight. Central vision 
($) has remained unchanged, but the field for red 329, is advancing upwards into the upper outer temporal 
quadrant. The field for white which previously required a 2 mm. object (continuous line) can now be 
delimited by a 1 mm. object (broken line). 


Fic. 62.—PARACENTRAL DEFECTS AFTER CONSIDERABLE DIG) OF CENTRAL VISION IN A SEVERE 
CASE: CONDITION THREE AND A Cy BARS AFTER ONSET. 


oaching on fixation area. R.V. $p + : L.V. 


Dense practically absolute scotomata, steep-edged and pr 
Koi) na is much worse as the scotoma is surrounded 


-% part. In stage of advance vision with such a dengg § 
J by an amblyopic zone and is not so BEN 


N 


p 


t of the field defects after the dis bacco indicates that the poison is to a certain 
8 extent cumulative in its action, Nhjk the failure to culminate in complete blindness, 
t although tobacco is continuedGajggests the attainment of a certain degree of tolerance. 
© Although the worst caseg usually related to the most excessive use of strong 
» Í tobacco, the great vagiafiaP>6f consumption in relation to the field changes in different 
d | — cases shows that idi asy and resistance are important factors. The excess of the 
e defect for red over for white indicates a diffuse lesion in which the conductivity 
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of many nerve elements is partially impaired, but of only few severely.- Lastly, the 
evolution during recovery in severe cases of a smaller steep-edged dense scotoma shows 
that the less affected elements are recovering, while those which were badly damaged 
or killed remain functionless. 

Diagnosis.—The perimetric diagnosis of tobacco amblyopia depends upon the 
recognition of the special characters of the defects. Errors may be made when the 
mere presence of the scotoma and perhaps its shape and position alone are taken into 
consideration. The characters described, regarded collectively, do not appear to 
occur in any other form of amblyopia. They are very constant, so much so that 
atypical defects may justifiably be regarded with extreme suspicion, almost amounting 
to certainty, that they are not due to tobacco, while if not only the field defects but 


Fic. 63.—STATE OF CENTRAL FIELDS THREE YEARS AFT RS IN A SEVERE CASE IN WHICH VERY 
LITTLE joci pps es PLACE, 


Condition now practically stationary. Objects z 2000" ree vertical elongation of the blind 
spots (z89,) is probably partly due to bad fixatig Da S EV. 


= fy 


the whole clinical picture be cons ao) on should be easily avoidable, 
especially in ordinary cases of mod@%gte severity. Even in females, who may hesitate 
to admit the use of tobacco, the @)Snstration of typical defects enables a diagnosis 
to be made with confidence. y severe cases with extreme reduction of vision and 
bad fixation may offer diffi ‚ especially if anomalies are present in other parts of 
the clinical picture. 

In some severe IN eccentric fixation is present, which gives rise to findings 
which may prov Kading if their nature is not appreciated. The patient lóoks 
with one eye to tQe pasal side of the fixation point, so that the scotoma is moved into 
the nasal fielgeand the defects appear homonymous instead of bitemporal. As the 
whole field 1 ved laterally, the defect for red in the upper outer or upper part of 
the field s to lie upwards or upwards and inwards. I have never found this con- 
diti QYmnection with both eyes, and in the three or four cases I have observed 
th fixation has always been in the left eye. It is easily detected because upon 
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the screen the blind spot is found much too near the fixation point, and the defect in | 
l the binocular field does not correspond to those found uniocularly, as it would were 
it really of homonymous hemianopic type. Occasionally the displacement is upwards 
or downwards. The lateral displacement of fixation is due to the presence of a specially 
dense nucleus towards the central end of the scotoma overlapping the fixation area. 
The patient, doing his best to keep the fixation object in sight, apparently fixes with 
> | a part of the retina between the optic disc and the fovea which corresponds to the 
temporal border of the nucleus, instead of, as is usual, fixing with the fovea or with a 
| retinal area slightly to the temporal side of the fovea, corresponding in the field to the | 
nasal border of the nucleus. That this is the case is indicated by the fact that a 
>; | similar displacement, though only a couple of degrees in extent, sometimes occurs 
when quite a small but very dense nucleus lies immediately on the temporal side of q 
the fixation area. During the screen examination the nucleus moves to the nasal 4 
side of the fixation point, and then the blind spot will be found to have moved i 
- also, while the patient explains that he has difficulty in keeping the fixation object | 
in sight. 

A rough test may be made by comparing the vision for red a few degrees to the 
inner and outer sides of the fixation area, selecting both object and distance in accord- 
ance with the requirements of the individual case. Should there be doubt, the scotoma 
must be carefully analysed and the whole field examined. Occasionally the defect is 
much more advanced in one field than in the other, and a careful screen test of the 
apparently normal field is necessary to demonstrate the defect, which may consist 
merely of a tongue projecting inwards from the blind spot. Althoug eoaetically, 
the onset is not likely to be simultaneous in the two fields, no RS examined 
unilateral case has been recorded, and both fields appear always to ected by the 
time any visual change is noted by the patient, that is to say, by tWe Wme that invasion 
of the fixation area of one side has commenced. 

If the intense part of the defect extends considerab he nasal side of the 
fixation point or is localised above or below it, or if N Oma is truly pericentral J 

| in either field, or if the defects are of different types $ wio fields, or sharply defined i 


| with steep edges and high and relatively unifor ensity, we must be careful to Hl 
| exclude other forms of disease, and it is well to remwfber that excessive use of tobacco it 
may exist along with some other condition t jich the visual symptoms may really | 
be due. Progressive increase in the defeg t mere failure of central visual acuity | 
to improve, continuing for some LY ation of tobacco, suggests a complica- 


| tion which is certainly present if pep al contraction for an angle as large as 335 | 


| occurs. 

| Alternative diagnoses AG confined to other forms of bilateral | 

BE scotomatous amblyopia, im s@argh the scotomata are centro-cecal and symmetrical. ; gi 
A useful differentiating fe N “; the more definite limitation of the edge of the defect | 
and its greater intense te early stages in such cases. Uhthoff has pointed out ji 


that the defect fo SO is practically co-extensive with that for red in retrobulbar 
| neuritis, but much Maler and confined to the middle of the scotoma in tobacco 
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poisoning, an observation which corresponds to what is known of the intensity of | 
these field changes. 

In cases of general disease, such as diabetes, in smokers we shall be correct in 
most cases in attributing the amblyopia to the tobacco if the scotoma is typical, 
and, in any case, the causation of scotomata by endogenic toxins in diabetes and 
other diseases must be borne in mind. Depression of health due to disease, injury, 
or even mental shock is often responsible for the onset of tobacco amblyopia in smokers. 
In disseminated sclerosis, bilateral relative scotomata may occur, but the characters, 
especially the behaviour, of such defects are always different from those of tobacco 
amblyopia. Similarly Leber’s disease, saturnism, and retrobulbar neuritis due to nasal 
sinus inflammation, will not be mistaken for tobacco poisoning if all the characters are 
taken into consideration, to say nothing of the history, the ophthalmoscopie signs, and 
the other clinical features. The centro-cecal scotoma of pituitary tumour has been 
frequently mistaken for tobacco amblyopia, and the resemblance is greatest in aggra- 
vated cases in which the loss of the upper or both temporal quadrants of the field for red 
produces an appearance resembling a bitemporal hemianopia. In cases of chiasmal 
interference from a slowly acting cause, such as tumour, the defects are more sharply 
demarcated, and commencing temporal hemianopia for white is usually present, while 
central vision is not so much depressed as in severe tobacco poisoning, unless a definite 
dense defect involving the fixation area is present. The defects are more easily analysed 
with white test-objects, the disproportionate loss of colour vision is not so pronounced, 
the characteristic core is not present, and the special quadrantic features of the chiasmal 
scotoma are usually easily demonstrable. N 

Prognosis.—In moderately severe cases with sepat clei or a narrow central 
core in the scotoma and little impairment of the Kdyoral field for red, good vision 
is usually restored in a few months if tobacco is ont When there is an extensive 
dense scotoma for white with severe impairm f colour vision in the central field, 
great depression of central vision and some of the optic discs, recovery is always 
prolonged, and usually imperfect. e. blindness, however, does not occur. 
Failure of central vision to improve, o decline of central vision during the first 
four or six weeks after tobacco is ped does not indicate a modification either ot 
prognosis or diagnosis. Should (lw progress cause disappointment and anxiety 
the screen test is cover isch a of improvement, not noticeable by the 


patient, may be discovere if such are found he may be encouraged to hope 


for the ultimate DAY ful vision. 


© Alcohol Amblyopia 

Neither ethylefcohol nor methyl alcohol can be credited with special toxic effects 
upon the Viet nerve path. The field changes described above under tobacco 
amblyopia commonly referred.to in the literature as due to tobacco plus alcohol, 
or eye alcohol chiefly or alone. While it would be out of place to discuss this 
qu Aere, it may be remarked that, although spirit drinking is no less prevalent 
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than in other countries, amblyopia traceable to alcohol, apart from tobacco, 
is almost unknown in British hospital clinics,* and the experience of British 
ophthalmologists does not support the view that alcohol is a potent factor. Con- 
vincing evidence is accumulating that.impurities, such as fusel oil, which are violently 
toxic, are the real cause of the visual disturbances. Under the heading of alcoholic 
amblyopia, reference will therefore be made to the field changes produced by these 
toxic substances which may be consumed or inhaled in the form of commercial wood 
spirit or alcoholic drinks adulterated with unpurified spirits. 

The clinical picture as described by Uhthoff, Goldflam and others, is that of an 
acute intoxication. Usually two or three days after ingestion the visual loss com- 
mences, and complete or nearly complete blindness rapidly ensues. Both eyes are 
always affected though often unequally. After several days, or even weeks, according 
to the severity of the case, vision begins to return at the field periphery, and a large 
absolute defect, broken through at one side or the other, becomes demonstrable. 
This breaking through may give the field an irregular crescentic or sometimes pseudo- 
hemianopic appearance. Later the periphery may recover more or less all round, 
leaving a central scotoma. ; 

The defect is pericentral rather than paracentral or centro-cecal, though it 
often includes the blind spot and the intensity is usually high. According to the 
severity of the case, all degrees of size, intensity, and permanence may result. In 
the worse cases little or no recovery may take place, in the milder ones normal vision 
may be restored. This stage is unfortunately frequently succeeded by a sagond and 
permanent loss of vision associated with pallor of the optic disc. AN ecomes 
depressed and contracted : Goldflam noted a return to blindness in Q which had 
reached normal vision. Only exceptionally does good vision returr remain when 
the field changes have been severe to begin with. & 

The diagnosis depends upon the clinical picture as a wh Qh always suggests 
this form of poisoning: the prognosis should be guarded 4 st, even although the 

may supervene. The 


field defects have greatly improved, as secondary 7 
fields should, therefore, be watched for some time afțeñapparent recovery. 
ç a longer period a chronic form 


When the poison is ingested in smaller doses 

of this intoxication occurs. Blegvad and RoennKidnd that during the Great War, 
owing to the dearness of the usual form of po (A spirit in Denmark, substitutes were 
consumed, and a severe form of toxic ambl arose previously practically unknown 
in that country. Central vision was 910 counting fingers in 80 per cent., and 
the optic dise was pale in 20 per coaNẹÐf the eyes examined. The field periphery 
was always normal (with 3°), Wale and green were in many eyes not recognised 
anywhere. Every case showed a ral scotoma for red and green, and in 50 per cent. 
for blue also. A third of tha@elds showed central or paracentral scotomata also for 
white, and breaking thro INSf the defect above was also noted. The prognosis is 
worse than in the ordf orm of toxic amblyopia. The description given is not 


er... no ZEN Nin ...? Dep. Committee on the Causes and Prevention of Blindness. Ministry 
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sufficiently detailed to enable all the characters of the defect to be assessed, but the 
field changes appear to differ from those of tobacco amblyopia in their course—they 
appear a few months or less after the drinking begins—and severity. The scotoma 
is described as central, and appears to be much denser (44% white not seen in sixteen 
fields) than in the more severe tobacco cases. 


Other forms of scotomatous toxic amblyopia are uncommon. Their rarity and 
their usual acute development and course have prevented the elicitation and study 
o: the characters of the scotomata to the extent which has been possible in the case 
of tobacco. The following notes are based on the publications of Uhthoff, de 
Schweinitz, and Wilbrand and Saenger. 


Lead 


The scotoma is bilateral, pericentral, roughly circular, and may be relative or 
absolute. The field periphery is unaffected, but the colour fields may show breaking 
through. The onset is usually gradual, sometimes relatively rapid, and the field 
changes resemble those due to the common type of retrobulbar neuritis or to an 
active poison such as bisulphide of carbon rather than those of the tobacco amblyopia 
type. Complete blindness is an uncommon result (10 per cent., Uhthoff). This is 
the true toxic amblyopia of lead, due to a peripheral lesion in the optic nerve ; other 
field changes also occur which depend upon the action ad upon the blood-vessels 
or kidneys. The progressive depression and contract f&he field following choked 
discs, and often leading to total blindness, may thug Gpxplained as a secondary effect 
due to increased intracranial pressure caused Arad similarly, the hemianopias 
and sudden bilateral amaurosis are indirect AS) than direct results. 


to the severity of the intoxicatiggX In position the defect is usually more or less 
pericentral, though it often exterkdgyJmore to the temporal than the nasal side of the 
fixation point, and, in size, it vary from a minute area to an extensive scotoma of 
some 40° in diameter. Th ensity may be very slight, so that small test-objects are 
required, or the defect, N) solute in its central part with a surrounding amblyopie 
zone which may brga&®hrough to the periphery. As in other conduction defects, 
red-green blindngs prominent feature. The field as a whole may be depressed 
and contracted. Xe onset is usually gradual, but occasionally acute. 

The Oy differs in shape and intensity from that of tobacco, with which it 
is most li % be confused, and the presence of more pronounced peripheral field 
change; the diagnosis. If the patient can be removed from exposure to the 
pol e prognosis is good in the milder cases, and in the more severe some improve- 
m 


Carbo hide 
Bilateral central scotomata “ak ed which vary in size and intensity according 


AD ually follows. 
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N Similar scotomata occur in connection with iodoform poisoning, and rarely from i 

y arsenic, dinitrobenzol, and some other substances. As regards these, distinctive I 
i individual perimetric pictures have not been established. i 
a | 
NN 

Quinine [i 

. . . . . . . ; ll 

In the second group of toxic amblyopias, quinine poisoning occupies the most | 

important position. In mild cases a temporary dimness of vision may occur ; when i 

1 the poisoning is more severe rapid and complete blindness results. After a few "| 

j hours or days, sometimes weeks, vision begins to return, recovering centrally much Hl 
e more rapidly than peripherally, and the fields show depression, especially peripherally, i] 
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Fig. 64.—QUININE AMBLYOPIA ; SEVEN MONTHS AFTE SM. | | 

Objects 4% and £9, R.V., L.V. = $. Great peripheral with rele e central depression. i 

Red 29, was recognised out to 15 to 20° from fixation point, and centre (colo ' Vion was good (absence ib 

; of disproportion) indicating improbability of further recovery. N \ | 
) INN 
. . . . R è iil 
and contraction. The light sense is greatly zen.) t this stage the edge of the i 
field is extremely steep, and disproportion EA the fields for colour and white 1s In 
present. Though often more or less reduced, al vision by Snellen’s types may be | 

nearly or quite restored, while the peripke remains depressed and constricted. h | 
The loss of field may be extreme, the pi naining extending only to a few degrees | 

round the fixation point ; in such cases patients exhibit great orientation difficulty. | 

| In shape the outline of the fikld $ often laterally extended and vertically com- i 
pressed, forming a somewhat herizontal roughly elliptical figure. This is due to an i 

+ RAR E er; I) 

apparently greater tendency, e temporal and nasal parts than of the upper and | 

| lower to recover. The y ation may be irregular, peripheral parts recovering, i 
| 


while portions of the 4 Qi Mediate zone remain blind. In this way various forms of 
sector-like defect n produced, and when the lost areas are symmetrical in the i 
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270 
I Fic. 65.—QUININE AMBLYOPIA. TEN DAYS AFTER POISONING, NINE DAYS AFTER COMMENCEMENT OF 
RECOVERY, 


Test-objects Sy, 330 royo : dotted circle shows field for 7555 red and blue. V. = §, each eye. 
| Note the great steepness of edge of central field. There was also some peripheral vision for large objects, 
but orientation was very poor. 


280 


Note peculiar symm fects. Object 4335. A 60 mm. object made the fields no larger, and a 1 mm. 
very little smaller, ır vision proportionately affected so that not much more recovery is to be 
expected. 


i 

ill 

| Fic. ERS, BENPPIA. SAME CASE AS Fic. 65. FOUR WEEKS AFTER POISONING. 
| 


I) two fields, auper cial resemblance to hemianopia may arise. In other cases a more 


regular co ric contraction leading to an approximately circular field occurs. 
|; Much d&&edds on the care with which Ae fields are taken, as especially in the earlier 
|| st recovery, discrepant and inconsistent responses are apt to be obtained and 


|) WN nt precautions to check the patient’s replies are necessary. 
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Several months may elapse before the fields become stationary, and in mild or 
favourable cases they may recover almost completely, but some peripheral depression 
persists ; in more severe cases a more or less high degree of depression and contraction 
remains permanently. Central scotoma has been recorded, but is very rare, and 
possibly really a complication rather than a true manifestation of quinine poisoning. 
Colour disproportion disappears as the condition becomes stationary. 

Interpretation.—Differing views have been expressed as to whether the field 
changes are due to intoxication of the ganglion cells or to an ischemia resulting from 
contraction: of the retinal artery. There seems to be little doubt that the poison 
acts directly on the ganglion cells and that the vascular change is secondary and not 
the real cause of the visual loss. This view is supported by a comparison between 
the contracted vessels and the field changes, which does not show that the vascular 
changes are absent from those parts of the retina in which vision is retained. Moreover, 
the vision fails before the contraction appears and recovers while the contraction is 
progressing, while in a few cases the vessels are said to have remained normal in 
appearance. The presence of a central scotoma indicates a search for possible com- 
plication. 

Diagnosis depends, as a rule, more upon the history and the ophthalmoscopic 
appearances than upon the fields, although the peripheral depression differentiates 
this form of toxic amblyopia from the scotomatous type. Idiosyncrasy is a prominent 
factor and a history of a small dose is no contra-indication. In hysterical amblyopia, 
which is practically the only condition which offers any resemblance, the fds may 
show a similar steep-edged contraction with good central vision, but nce of 
orientation difficulty and the normal ophthalmoscopic appearances egg 
diagnosis. In fresh cases difficulty can hardly arise unless for soı 
are concealed by the patient ; in old cases in which the question 
in connection with compensation, pensions, etc., the determindgn 
is of great value. 

Prognosis.—Some restoration of sight may always cted and the ultimate 
state of the vision is usually better where the early fagesfiave not been very severe, 
and especially when the stage of complete Rane) present, has not lasted long. 
The presence of disproportion indicates that fupgheMrecovery may be expected, and 
even after several months some improvem ay still occur. Permanent total 
blindness has not been recorded. 


Ausation is raised 
f the field changes 


ein, a derivative of quinine, offers an interesting 
ion in the chemical constitution of the toxin. While 
also, optochin is considerably more toxic to the visual 
è field changes run a course similar to those of quinine 


neurons than quinir 
poisoning, but are inguished by the relatively frequent occurrence of central 
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scotoma with or without peripheral changes, a feature of extreme rarity in connection 
with the former drug. 


Salicylic acid and salicylates have occasionally produced a condition resembling 
quinine poisoning. The field changes are similar, but the duration is shorter and the 
prognosis quite good. 


The field changes due to Feliz mas are not well known in detail. The whole 
field is affected, and when the fields can be taken concentric contraction is found 
(Uhthoff). The condition resembles quinine amblyopia, but the prognosis as regards 
permanent blindness is very much worse. 


Another interesting example of the result of a chemical change is afforded by 
the organic preparations of arsenic. Whereas the inorganic preparations rarely 
produce field changes, which consist of central scotomata when they do occur, some 
organic compounds such as soamin, atoxyl and others, manifest a high toxicity for 
the visual nerve elements and produce peripheral contraction resembling that caused 
by quinine, central scotoma being exceptional. In a review of thirty-seven cases of 
soamin poisoning, in twelve of which details of the fields are given, Igersheimer found 
restriction of the field on the nasal side “ almost without exception,’ and in no case a 
central scotoma at any stage. Moreover, this form of amblyopia is distinguished 
by the absence of the tendency to recovery, the cases, practically all progress to 
complete blindness once the process has commenced, ey prognosis is therefore 
thoroughly bad. 


B. RETROBULBAR IS 


Under this heading will be considered ld changes in disease of the optic 
nerve of inflammatory origin. 

Three chief types have been recog x y Wilbrand and Saenger, axial neuritis, — 
perineuritis, and total transverse nkurıyis characterised respectively by dominant 
perimetric features, central scoton%, perıpheral contraction, and more or less uniform 
and severe failure over the “O field. This classification, though not entirely 
satisfactory, is convenient Oy ul for the time being. 


Ac bulbar Neuritis or Acute Axial Neuritis 


This is the EN form clinically familiar to ophthalmic surgeons and is 
characterised by: nset, gradual recovery, and usual unilateral incidence. 

The chief \ndjmost characteristic field change is a defect in’ the central area. 
This scotomgeis usually fairly large, some 10° to 20° in diameter, but may be more 
extensive s t a comparatively narrow zone of more or less unaffected field remains 
periph O A small scotoma of a few degrees only may occur in slight cases, but 
18 ess common than a pronounced defect, and, when found, indicates the 
RN for careful examination and watching in order to establish a correct diagnosis. 


S 


time a ring scotoma will oft 
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Small central scotomata of this nature occurring at the commencement of the process 
are not commonly met with in practice, partly on account of the rapidity of develop- 
ment, and partly because advice is rarely sought before the defect has become com- 
paratively gross. 

In position the scotoma is central, though by no means always pericentral. The 


‘main part of the defect is often paracentral, the fixation area being eccentrically placed 


within it, but usually well included, and the centrocecal type is common. The shape 
is often approximately circular, but may be oval or irregular. Sector defects in the 
form of vertical or horizontal hemianopic or quadrant changes may be present, and 
sometimes the scotoma is cut off sharply along the vertical meridian of the field. 
Arcuate defects extending from the blind spot may form incomplete or entire ring 
scotomata and indicate the involvement of fibres in the nerve which in the retina 
form bundles arching over the macula. Smaller ring scotomata unconnected with 
the blind spot occur occasionally, but are rare except during recovery. 

The intensity of the scotoma varies considerably. As a rule, the visual loss is 
severe or even absolute, and if the defect is also extensive, such cases can only be 
examined by the confrontation method or with very large test-objects. Less 
frequently the use of colours or of very small white objects may be required to demon- 
strate the defect, and here the same considerations apply as in the case of very small 
scotomata. Any intermediate degree may be met with. The edge of the affected 
area is usually steep, more rarely sloping, and the gradient may vary at different 
parts. Examination with serial test-objects often discloses variations of igt\nsity in 
the area of the scotoma which in some cases help to show its true charagter. 

The peripheral field may be unaffected, but will not infrequen found to 
show an indentation of the isopters towards the place where th Oma extends 
farthest out, and the latter often breaks through to the periph a col, or neck, 
which may easily escape observation unless jet isopte marked out. In 
severe cases there may be large and obvious gaps smn IR O parts of the field. 


The field changes rapidly attain their maxımum and intensity, and for 
this reason observations upon the early stages ar made. During recovery 
the defects gradually shrink and disappear, singh returning more rapidly 
than that for colour. As improvement proceed. aracter of the defect may alter 
and features previously obscure owing to th nsity of the visual failure over the 
whole field may become manifest. A Roe blind field may resolve by peripheral 


recovery into a central scotoma wit eral depression. The rate of recovery 
varies considerably, good vision zO ASI restored in two or three weeks, but 
sometimes the defect may persigt f Ooa before ultimately disappearing. At 
first recovery is often gradual, an some cases after some days of slow progress a 


found, as if central vision had risen up in the middle 


sudden or rapid increase Ko | vision may occur. If the field be tested at this 
y, when normal vision by Snellen’s test has been restored, 


of the depressed area. N 


a careful examina ill often show the persistence of some degree of central 
depression. N 
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Fic. 67.—RETROBULBAR NEURITIS. 


A. Normal central field with minute central scotoma for 5045, white slightly larger for syg red. 
B. Central scotoma for 3755 white. Peripheral isopters for 5545, 345 and 38, normal. V. = ,%, nearly. 


Fic. 68. 
© 
A. cat Dn of scotoma in retrobulbar neuritis, including blind spot and a dense nucleus. Objects 


60 


2000* 


5 
330? 

; A, of field shown by contracted isopters for 535 and ;4,. Central field for „5, green shows 
ann 


erging into a peric&cal scotoma. 


280 270 260 


Fic. 70.—RARE. TYPE or FIELD CHANGE W 


RETROBULBAR NEURITIS. 
Central field depressed ; scotoma with® Knien: 
to nasal side of fixation area. Blir 3 enlarged 


ae to choked disc. Vision neve ow § part. 
jects: periphery 335, zip spot 32000 
Scotoma z% 
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Fic. 71.—CENTRACECAL SCOTOMA IN STAGE OF 
RECOVERY. 


The scotoma has become divided freeing the fixation 
area. Objects: 329, zoo zooo. Ve =$. 
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I) Fia. 72.—JUNCTION SCOTOMA. 


Field 5,255, scotoma 5395. V. 3% part, with rapid fluctuations. Left field normal. Young man, cause 
unknown. 


LEERE TEEN N N NN Void S l Anea e Net Veet) OL Noe 


| 1 2 3 
| Fig. 73.—JUNCTION SCOTOMA, SHOWING VARIATIONS ON (1) May ER VD JONA LST: 


fs 
tai ( 
| V. = FINGERS AT 2M. ; (3) JUNE 3RD, zg PLUS. 

Periphery normal. Field of other eye normal. Objects „49, anf&\e Young woman, cause unknown. 


of. W.—BILATERAL RETROBULBAR NEURITIS WITH ASYMMETRICAL DEFECTS, AND SOME PERIPHERAL 
DEPRESSION. 


ale, age 41, cause unknown. 


IN N ect centro-cecal in one field and supracentral in the other. Objects 33, and „4 zogo and yoyo 
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1. Right field for 2%, showing large scotoma with peripheral sector defect. 
2. Six months later. R.V. = $—. Field normal. L.V. = Finger at 2 m.,g 


"—Rucovery. Derram or Scoroma IN Fic. 75, 2, Lert FIELD. il 


N O 
(1) Six months NY = ĉ, part; (2) two years later, V. = „5. Objects 3480 200% and zoo. Ihe [il 


fixation areadgArradually cleared and the field for 50155 has appeared. | 
Mil 
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Fic. 77.—BILATERAL RETROBULBAR NEURITIS WITH SYMMETRICAL CENTRO-CHZCAL DEFECTS. 


The scotoma resembles that of tobacco amblyopia in shape and position, but there is much more depression 
of the fields. Periphery for 3% and „35. Central field yo. Scotoma, R.E., 5455, with nucleus for 
5380; L.E. 5395, with nucleus for 5895. R.V. %; L.V. nearly $. Female, age 43, cause unknown. 


Fia. O SEVEN MONTHS LATER. 


Central fields only; periphery nori@jyf.g Vision R. and L. $. Central field for „40, red. Outer field „45 
white contracted, with centro- fects. Good vision with central colour defect. 


© 
A 


Wg amblyopia, chronic retrobulbar neuritis is a rare disease. Some 
bar neuritis run a slow clinical course ; such cases are more frequently 
e acute type, and although some recovery often occurs, optic atrophy 
serious visual defect may result. They are liable to be confused with 


Chronic Retrobulbar Neuritis 


Apart from 
forms of retgo 
bilateral t 


with AN 
NY ases and chronic tobacco amblyopia. The field changes resemble in a general 


wa 


se of the acute form. 
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Fic. 79.—BILATERAL RETROBULBAR NEURITIS WITH IRREGULAR FIELDS. 


Male, age 34, cause unknown. The charts show fields five years after onset; general nervous disease 
appeared five years later. | 


Fır. 80.—RETROBULBAR NEURITIS WITH B YLL NERVE VIBRE BUNDLE DEFECTS. 


Objects „45, and 545. Male, age 21, cause unknow, Leber’s disease- | 


Diagnosis.—The principles of a ical and pathological interpretation, which I| 
have already been discussed, arefftileed to determine as far as possible the site and | 
the nature of the causal lesion. e these problems can only be elucidated by the li 
consideration of the compket@inical picture, the perimetric evidence is of great | 
value, since in many cases t ial symptoms form the only or almost the only obvious | 
deviation from normal @Mtions, and they may help to indicate the direction of 
investigation. In aN&Mo obtain the information which perimetry can offer the 
examination should} ‘stop, as it so often does, at the mere detection of the presence 
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and size of the defect, but should include full investigation of both fields and analysis 
of the changes found. The ophthalmoscopic examination should be very careful, 
and any changes found should be correlated with the visual symptoms, bearing in 
mind that a normal disc does not exclude retrobulbar neuritis nor does a swollen disc 
necessarily indicate its presence. When the scotoma is very small and relative 
macular disease must be carefully excluded. 

Acute retrobulbar neuritis is most commonly unilateral, a feature which it is 
well to establish by a careful examination of the apparently unaffected field. The 
characters of the defect already described indicate a lesion in the nerve somewhere 
below its chiasmal termination. If on careful analysis hemianopic features are found, 
indicating that either the crossed or uncrossed macular fibres are purely or mainly 
affected, it may be inferred that the lesion 1s situated at a point where these fasciculi 
are anatomically separated, t.e., at or near the chiasmal termination of the nerve, 
or possibly at the commencement of the tract. I have termed this type “ junction ” 
scotoma on account of the probable situation of the lesion at the junction of the nerve 
and chiasma (Figs. 72, 73, 97). 

If the lesion were in the chiasma both fields would be involved, and for this reason 
special care must be devoted to the scrutiny of the apparently normal field as a very 
slight and easily overlooked hemianopic defect may be present there also. Since 
defects of chiasmal origin are usually in a more advanced stage in one field than in 
the other, theoretically there may be a unilateral defect in the earliest stage. Only 
the subsequent involvement of the other field can differentiate such a lesion from one 
in the termination of the nerve, and it must also be meer that a lesion may 
begin in the termination of the nerve and spread to t lasma. 

According to Wilbrand and Saenger it is po for a lesion at the chiasmal 
termination of one nerve to produce a field d in the upper temporal quadrant 
of the opposite field on account of EN the “ knee ” of crossed fibres from 
the opposite nerve. This applies rather mA tó interference due to pressure than to 
inflammation, but in any case aks CO mation. When the field changes are 
bilateral their character indicates ing: fme way as in unilateral cases whether the 
site of interference is in each ey t a higher level. In such cases the detection 
or exclusion of hemianopic signg is tstially easy. In bilateral retrobulbar neuritis the 
defects are frequently of simi tent and intensity in the two fields, although they 
need not be ee as in chiasmal interference a great disparity may be 


present. N | 

The diagnosis ven ature of the lesion is often difficult, but some help may 
be obtained from set and behaviour of the field changes considered in relation 
to the clinical piß&ufe as a whole. Retrobulbar neuritis belongs to Group I., the 
toxic-inflamma@&eyy group, and the first problem is to ascertain whether a given case 
is of this typ“ The most common difficulty arises in connection with cases of Group 
II. whi due to pressure, and with the vascular group in which there may be 


cen toma with swelling of the optic disc. The determination of the site is of 


valų W? relation to scotomata of the junction type for, as Velter has shown, the 
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chiasmal termination of the nerve is a favourite site of multiple sclerosis. It is also 
a part of the nerve which is exposed to local pressure, and the diagnosis usually lies 
between these two conditions of which the latter is much more uncommon. The 
slower onset, persistence, and gradual increase of the pressure defect are also in strong 
contrast to the more lively behaviour of the defect due to inflammation. Below 
the termination of the nerve the same considerations apply, though, of course, not 
without exception. A somewhat hemianopic type of defect owing to the incidence of 
the interference at one side of the nerve is suggestive of pressure. 

The possible vascular origin of a central scotoma should be considered in elderly 
people, especially if arterial disease is present ; after early middle age the occurrence 
of retrobulbar neuritis of the toxic-inflammatory type becomes much diminished. 
Having decided that the case belongs to the toxic-inflammatory group, and is, there- 
fore, a genuine neuritis, the further determination of the cause rests largely with 
other than perimetric evidence. Of the possible causes multiple sclerosis, or a solitary 
‘nerve lesion of similar clinical type, is probably the most common, while local sepsis 
may arise from the teeth or the nasal sinuses. Other cases arise from systemic disease 
of one kind or another. 

A definite and clearly demonstrable central scotoma excludes hysteria. No 
special localising or etiological significance can be attached to ring scotoma. When 
the field changes are bilateral a toxic cause due to systemic disease, or a local mani- 
festation of a general disorder, is suggested. Leber’s disease and allied conditions, 
syphilis, diabetes, multiple sclerosis, myelitis, or an infection such as influenga may be 
responsible. In some cases, however, retrobulbar neuritis due to such cau ears in 
one eye first and only after a considerable interval in the other, or may r urunilateral. 
In differential diagnosis the severe type of tobacco amblyopia must, rne in mind, 
though it rarely presents difficulty. Bilateral retrobulbar neu "due to a local 
cause such as nasal sinusitis is uncommon. | 

Prognosis and treatment depend upon the discovery N cause where this is 
possible, though in the ordinary acute unilateral case, į so often no cause can 
be ascertained, the prognosis is good as regards recqgrerianf sight. Even severe cases 
of this nature with gross field defects usually recoyaiNyith little or no resulting visual 
loss. Continental observers, however, stress the lity to the subsequent develop- 
ment of nervous disease, particularly multipleG@jerosis. A slow course with delayed 
recovery increases the probability of a ser@&g permanent defect, especially if after 
a period of improvement a check occu 

When the condition is bilateral N tlook is, as a rule, less hopeful, though in 
acute cases practically complete may result. In chronie or slowly progressing 
bilateral cases the prognosis is Wayglly serious, and worse the longer improvement is 


delayed. . a | 
Progress should be ones by repeated field examinations rather than by 


testing central vision,o he relations between the fields for white and for colour 
should be noted, tl nce of disproportion during recovery indicates that further 


improvement is tN xpected. When apparent complete recovery has ensued the 
ae 
. XS 
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actual state of vision can only be ascertained by a field examination with small visual 
angles, although for practical purposes the estimation of central acuity by Snellen’s 
test is usually sufficient. 


Peripheral Interstitial Neuritis or Perineuritis 


This is a relatively rare condition of which I have had no personal experience, 
and the following description is derived from recorded cases. The field changes 
consist of peripheral depression and contraction with relative retention of central 
vision, corresponding to the inward spread of the disease from the pial sheath along 
the connective tissue septa. The advancing peripheral loss of vision with the absence 
of central scotoma produces a resemblance in perimetric features to tabes or to the f 
‚secondary atrophy which follows plerocephalic cedema of the nerve. 

The peripheral contraction is sometimes unilateral, but more commonly affects 
both fields, usually unequally. The visual failure begins. gradually, and in the earlier 
stages the loss for white may not be marked unless for small visual angles, while 
the defect for colour is evident. As central vision is relatively well preserved, the 
patients often do not come under observation until the field changes are well advanced 
and the optic discs pale. In the later stages central vision fails also, and only a very 
small field may remain, which in some cases finally disappears, leaving complete 
blindness. 

Sometimes the field is irregularly involved and sector-like defects varying in size 
and shape may be produced. 

The site of the interference is usually in the po 
the macular fibres lie centrally. A peripheral lesio 
are superficial, as in the anterior part of the nerv 
expected to produce a nasal sector defect gA 
relatively rare perimetric finding in retrob neuritis. As the lesion may extend 
a little way along the nerve different se res may be affected at different points, 
and, beyond indicating its subchiasmgl on, the field changes do not exactly locate 
the site of interference. 

The peripheral form of retrokydbar neuritis occurs in connection with many 
morbid conditions, either as a Qy! process confined to the nerve, or as a descending 
neuritis in connection with @eyneitis. If no other cause is obvious, syphilis should 
be suspected. In EN, Ae diagnosis between tabetic atrophy and syphilitic 
perineuritis is very dj . In the former pallor of the optic discs accompanies, 
whereas, in the eo follows the visual failure. Very contracted fields approxi- 

e 


part of the nerve where 
ted where the central fibres 
ht, on anatomical grounds, be 
ing to the centro-cæcal area, a 


in 


mately equal in re more characteristic of tabetic atrophy than of perineuritis 
f in which the ezetgeme contraction is often unilateral. A decided degree of recovery 
| excludes ta rand and Saenger). No special perimetric features are known 
to be de associated with the various causes and the differential diagnosis must 
| be R grounds. 

! Y prognosis depends upon the cause, the degree of optic atrophy present, 
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and the extent and duration of the field changes. It is, on the whole, unfavourable, 
though good results have been obtained in syphilitic cases when treated at a sufficiently 
early stage. Owing to the relative preservation of central vision the severity and 
progress of the disease and its response to treatment are better gauged by perimetry 
than by sight testing in the ordinary way. The presence of proportion or disproportion 
between the fields for colour and for white gives useful information. 


Total Transverse Neuritis 


Wilbrand and Saenger’s third group includes cases characterised by involvement 
of the whole cross-section of the nerve, giving rise to rapid amblyopia or amaurosis 
affecting the whole field. There is evidently no definite separation as regards the 


27q 


Fic. 81.—RETROBULBAR NEURITIS IN MYELITIS 
Female, age 13. Left field, centro-cecal scotoma : objects 335 and z nS sto and zoo. Right 


. 1 5 1 
field, central scotoma : objects 33,5 and z47- 


field changes between these cases and very severe ne of the first group. Some- 
times if the visual loss is not too intense, or wheQ J certain amount of recovery has 
taken place, a central scotoma may be dem@pstrated or careful examination with 


very large objects may show that the amb is more intense centrally, indicating 
that the field changes are essentially e nature as those of the usual type of 
retrobulbar neuritis. The cases "X y bilateral and may occur in connection 
with gummatous infiltration of t Q or following an infection, such as influenza, 


or without discoverable cause. XInJcases of pronounced general depression without 
demonstrable central ER the tendency to recovery is less prominent and the 
prognosis less favourable the commoner scotomatous type. 

An interesting but oe "hat uncommon form of bilateral optic neuritis, which 
may be of this typ AU associated with myelitis. Both sides are always affected. 
though one may few days, or, in rare cases, weeks before the other. Blindness 
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may come on so rapidly that it is not possible to investigate the fields, in other cases 
central scotoma, peripheral contraction, temporal hemianopia or combinations of 
these have been reported. Homonymous hemianopia apparently does not occur. 
More rarely a moderate amblyopia of one form or another is present. -In the cases 
with severe visual loss the character of the field changes may be observed during 
recovery as in a case observed personally in which, following complete blindness, 
central scotoma was present in one field and general depression, only slightly greater 
centrally, in the other. The field changes are very variable in form, and may fluctuate 
in intensity ; no special type occurs. The tendency to recovery is prominent, and 
persistent blindness is an uncommon result. The patient may recover vision but 


Fic. 82.—RECOVERY IN RETROBULBAR NEURITIS, LEAVING SSION OF CENTRAL FIELD AND RELATIVE 


Red „43, (dotted line) 


L.E. only. Charts taken four years after acut .V. = counting fingers at 


1-5 metres. Recovery began within two mont 


NERVE FIBRE x SCOTOMATA. 
Field for 34, normal. R.V. = $ part, L.V. = $. i a0 2000 BOT" 
en RV. = PELE E 


die of the myelitis which usually ap a few days or weeks after the visual symptoms, 
more rarely at the same time or b&gJehand. 
- The post-mortem findings Q” agreement with the field changes, lesions having 
been observed in the T Oe and tracts, but not in the latter alone (Uhthoff). 
Owing to the frequ Gy nse amblyopia, perimetry does not play an important 
part in the diagnosis W possibly in cases which are seen early or in which the 
field changes devejep O}tiently slowly. Until the appearance of the spinal symptoms, 
it is not possible Q dyhgnose this form of neuritis by the ocular symptoms alone. The 
occurrence Qf zupid bilateral blindness with swollen discs and negative evidence in 
other ar Should arouse suspicion. As regards prognosis the development of 
severe v} symptoms would appear to indicate, though not without exception, 
that N nal lesion will also be severe. The mortality is stated to be about 50 per 
cert ulden). 
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Double retrobulbar neuritis with rapid complete blindness followed by recovery 
sometimes occurs in children. Possibly these and some other cases of acute retrobulbar 
neuritis belong to the same group, or are closely related to the myelitis cases, the 
spinal affection being absent. 

Retrobulbar neuritis may be regarded as a secondary manifestation, the primary 
cause being either a local process in the neighbourhood of the nerve or a systemic 
disease. We may now briefly consider the field changes in retrobulbar neuritis 
associated with some of the more important of these conditions. 


Multiple Sclerosis 


The visual nerve path may be affected by the changes of multiple sclerosis at 
any level, and more than one focus may be present at the same time. Lesions in 
the optic nerves, chiasma, or tracts are common, and important since they may occur 
at an early stage. 

The field changes are of the toxic-inflammatory type and occur in two forms, 


90 


E 


fra. 83.—MULTIPLE SCLEROSIS. CENTRAL O. WITH BREAKING THROUGH. 
545. Female, age 17. 


Peripheral depression. Objects 3%» 
firstly those which are present in patie pow other manifestations of multiple 
sclerosis with moderate or slight defe Wien vision, and secondly, those in which 
severe loss of central vision is pr O with or without the presence of other signs 
at the same time. C 
Changes of the first vagi 

fields. They consist of nya 
in position, characterise 
that they are diffic Z and best detected by small colour tests. Both 
fields are frequent Nios and there may be associated peripheral contraction. 


an : 
Ò 

Q 

S 


have been found in the routine examination of the 
6, small, relative scotomata, paracentral or central 
indistinctness, slight intensity, and sloping edges, so 
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Such defects are described by Wilbrand and Saenger and Klingmann, and have also 
been observed by Paton and by Hensen. 

More familiar to the ophthalmic surgeon is the second form in which the field 
changes are those of acute retrobulbar neuritis, the other symptoms being slight or 
absent at the time. There is a dense or absolute central scotoma varying in shape 
and size and usually unilateral. The peripheral field may be unaffected or may show 
sector-shaped or irregular defects of varying intensity, so that the use of small visual 
angles is essential to determine its integrity. The central defect, especially if dense, 
may be connected with a peripheral depression by a neck or breaking through. Nerve 
fibre bundle defects have been observed by Roenne and ring scotoma by Uhthoff and 
Wilbrand and Saenger. 

In unusually severe cases complete or nearly complete blindness of one or both 
eyes, either together or in sequence, may occur. 

When the site of interference is in the termination of the nerve a unilateral 
hemianopic or quadrantic scotoma may be produced, and, if higher up, hemianopic 
defects, bitemporal or homonymous, occur in accordance with the position of the lesion. 

As an uncommon variety, peripheral loss, usually somewhat irregular, occurs, 
the central field remaining relatively intact. Regular concentric contraction is rare 
and should be regarded with some scepticism as a direct manifestation of pure multiple 
sclerosis. 

A characteristic feature is the variable and fluctuating course of the defects 
which may alter in position, shape, extent, or intensityagbmetimes wandering from 
one part of the field to another or leaving one field to arðin the other, or recurring 
after disappearance. The tendency to recovery is pronounced, and in a few 
weeks central vision by Snellen’s test may cee to normal, though a careful 


field examination may show slight defects N remaining. Hensen has observed 
that the scotoma nearly always recovers n three months if no other nerve 
symptoms are present or appear befoy« ree months are completed. If other 
symptoms already exist or arise, the ips tends to persist. a 
The behaviour of the field che IS in accordance with the course of the morbid 
process. The initial dense scoto ceurs in the stage of congestion and swelling ; 
restitution of vision, with slight depression of the field or faint scotomata, corresponds 
to the stage of resolution wy nctional recovery of most of the axis cylinders which 
are very resistant to this finjury. The variability of the defect is due to resolu- 
tion in one part of NS iðn followed by the development of fresh foci elsewhere. 
The diagnosis tiple sclerosis, as far as the perimetric evidence is concerned, 
is suggested by (reper duration and the inconstancy of the defects or the presence 
of changes which=$eem to indicate more than one site of interference. Scotomata 


) variety or showing other hemianopic features are also suggestive, 
be distinguished from field changes of the pressure type. Peripheral 
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When the field changes pursue a more gradual and steady course they have, 
per se, no special. positive significance in the clinical pieture of multiple sclerosis, 
and the diagnosis depends upon other evidence. Multiple sclerosis is regarded by 
many competent authorities as a very common cause of acute retrobulbar neuritis, 
of which approximately 20 to 40 per cent. or even more, according to various observers, 
is of this nature. 

The prognosis as regards recovery of vision is extremely good, especially if the 
defect is of the acute scotomatous type, and the other signs of the disease are slight. 
Kven very gross and intense defects rarely cause permanent visual loss. In the rarer 
gradually developing cases the outlook for recovery of vision is less hopeful. 


Disease of the Nasal Accessory Sinuses 


Although nasal sinus disease is an uncommon cause of retrobulbar neuritis, it 
is important in so far as its timely recognition enables correct treatment to be under- 
taken. The optic nerves are more liable to be affected by disease of the posterior 


Se 


Fic. 84.—-NASAL SINUS DISEASE. 


N 
Early changes. AN scotoma for 28, . Temporo-central defect for $y. Vision 29. (After 


Walker <N 
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Fig. 85.—NAsAL Sinus DISEASE. ÜCENTRO-CECAL SCOTOMA WITH SECTOR DEFECT. 


Objects z55 and z45. Vision = Fingers at 1-5 metres. After operation. Field could not be taken 
previously. 


280 


Fig. 86.—RısHrt Post Py: OIDAL ABSCESS. RING SCOTOMA. CONDITION BEGAN WITH ALMOST 
COMPLETE BLINDNESS OF R.E. 


A. Field taken thre `D after onset of symptoms and a few days after a preliminary nasal operation. 
Almost comple Pin toma for 339: V. $t- 
B. A week aftr oping of abscess. Appearance of central field for 345. V. fr +. 


a || than of the rior sinuses, and the resulting neuritis is acute or subacute, seldom 
a || chronic, a Ne usually unilateral. i 

il N s observations have been recorded as to the character of the field changes 
| | BANS this condition. These reported changes fall into two groups :— 

| T 


N 


hose found in patients whose symptoms have: brought them in the first 


Se 
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instance to the rhinologist who passes them on to the oculist with a diagnosis | 
of suspected or demonstrated sinus disease. These changes are not com- 
plained of by the patient, but found on examination. 

In this group three chief field conditions have been recorded : peripheral con- | 
traction, “ enlargement of the blind spot ” with normal periphery, and normal fields. | 
It is noteworthy that of those who frequently found field changes the same observer 
elicited the same kind of change almost constantly, and nearly always bilaterally, 
and regarded it as characteristic, while those who usually found the fields normal 
only exceptionally found field changes. | 

2. Changes found by the oculist in patients who complain of visual symptoms | 

and in whom sinus disease is found on examination. | 

Here definite changes of the toxic-inflammatory type, occasionally of the pressure | 
type, are present ; scotoma of the central field involving the fixation area to a greater 
or less degree with or without peripheral depression which, when present, is often 
local or irregular rather than concentric. The scotoma may also be of the centro-cecal 
orannular type. The defect may be progressive, leading to atrophy, or may fluctuate ; 
it is persistent and does not follow the typical course of the scotoma in ordinary acute 
retrobulbar neuritis. 


i : : = A 240 Q 300" E a = : : 2 
280 376 760 °°° 280 o 260 
Fra. 87. WY IUS DISEASE. 


A. Ring scotoma with gap below, 5295. | 
B. Three days later: gap absent except for, 3 


NY 5 ae 
Almost complete recovery one week Eo n(V.§ 


Interpretation.—A study of iterature in relation to changes in the first group 
indicates such a complete a agreement in the observations of different workers, 
and at the same time suc ite consistency in the findings of individuals that the 
conclusion is BERN t these results have not been uninfluenced by the method 
of examination a AN e attitude of the observer. In the few cases of this group | 
which I have TEN y examined, I have found the boundaries and slope of the fields 


< AS 
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always within physiological limits of variation. If the bilateral field changes reported 
are common in sinus disease the apparently normal field in a case of unilateral retro- 
bulbar neuritis of rhinogenic origin should usually show one or other of the alterations 
described. Such findings are not recorded, but I have personally observed field changes 
of obviously psychical nature in the field of the unaffected eye. Until the true nature 
of these field changes is more fully established, caution and reserve are necessary in 
drawing inferences from them as to the fibre architecture of the nerve or the way in 
which they are produced. 

In the second group the changes indicate the presence of a retrobulbar neuritis, 
or, in rarer cases, of a pressure interference situated in the nerve. Although cases of 
bitemporal hemianopia have occasionally been attributed to sinus disease no real 


[R] 


Fia. 88.—SYPHILITIC XS or NasaL BoNES. 
Probably also gummatous disease afiegeima cranial parts of the nerves and chiasma. 
Left field retains only upper nasal qui & ; wight field shows nasal step. 


evidence exists to show that the Koa fibres are ever affected in the chiasma. Nor 
is it possible to say from the A anges whether the condition of the nerve is due 
to an actual extension of in ation from the diseased sinus or to secondary results 
such as congestion or int yon. The most acceptable hypothesis is that of venous 
congestion in the EN“ ng to impaired nutrition and suffocation of the nerve 
fibres. 


Diagnosıs.-fin majority of cases of rhinogenic retrobulbar neuritis the sinus 
disease is sufficie evident to enable the diagnosis to be made. When a rhinogenic 
ted as the cause of a scotomatous defect, the field changes can give 
assistance as there is no special type of defect associated with sinus 
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this way to narrow the area of the problem. In such obscure cases the diagnosis 
usually lies between “latent ” sinus disease and multiple sclerosis or a pressure 
interference, and help will often be obtained from the observation of the behaviour 
of the field changes. As regards the other characters the presence of hemianopic 
or quadrantic features is against sinus disease. In cases of mucocele it may be 
possible to diagnose a pressure interference, but that the source of pressure is a dilated 
sinus is not indicated by the perimetric findings. 


| 
Hereditary Optic Atrophy or Leber’s Disease | 
| 


Leber’s disease is a form of subacute retrobulbar neuritis which is usually 
hereditary, occurring typically in the males of affected families about the time of 
puberty or adolescence, or later at about forty to fifty years. Isolated cases without 
family history also occur, and females are occasionally affected, more commonly in 
the latter of the two age periods. 

The failure of sight begins, as a rule, with moderate rapidity, and increases for a 
few months, after which gradual improvement occurs leaving usually a considerable 


Fria. 89.—LEBER’S DISEASE. CENTRAL SCOTOMATA WI METRICAL BREAKING THROUGH UPWARDS. 


| defect, while complete blindness is e SG . Both eyes are affected either about | 
the same time or with an interval IN s or months. | 
| The characteristic feature 1 ral scotoma, varying in size but usually some 
15 to 40° in diameter, round SEE in shape, occasionally irregular. In position 


the defect is approximatel Oo and not commonly distinctly paracentral, 
t.e., with the fixation are N its edge. The centro-cæcal type of scotoma may be 


! present, well overlappi fixation area. The intensity varies, as a rule the defect 
is very dense or a in the most depressed part which is usually near the centre 
of the scotoma, wWN® Yhe surrounding area is Jess affected, so that the edge presents 
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Fic. 90.—LEBER’S DISEASE; BREAKING THROUGH INWARDS FOR COLOUR ONLY. 


(From RoENNE (206).} 


{ vision for colour and white is impaired, though a 
ject may show a normal boundary, and frequently 
depression connects the periphery with the scotoma. 

oh may occur at any part of the field, but is more common 
in an inward, or \pvpard and inward, direction and gives rise to field conditions which 
resemble vey orms of hemianopia. Should the peripheral depression appear 
symmetri the upper temporal quadrants a superficial resemblance to one of 
the stag Rue hemianopia may result. 


a fairly steep slope. Periy 
moderately large whit. 
a sector-shaped or irre 

This breaking 


| NS he defect may assume the nerve fibre bundle type has been shown by 
| ROS: nd in a case recorded by Hancock a small ring scotoma ultimately developed. 
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Interpretation.—The characters of the field defect indicate that the site of inter- 
ference is subchiasmal and the existence of nerve fibre bundle defects points to the 
nerve rather than the retina. In behaviour it corresponds to the toxic-inflammatory 
type ; no features suggestive of pressure are present. 

Diagnosis.—Since the perimetric signs are similar to those of some other forms 
of bilateral retrobulbar neuritis the diagnosis depends mainly upon the clinical picture 
as a whole. The characters of the field changes differentiate Leber’s disease from 
tobacco amblyopia and chiasmal interference, which are the most common conditions 
likely to give rise to doubt. 

The prognosis is unfavourable as regards perfect recovery of central vision, but 
is fairly. good in respect of the possibility of serious blindness. Coeteris paribus cases 
associated with intense and extensive field changes both central and peripheral, and 
which run a protracted course, offer the least hopeful outlook. 


Blindness following Heemorrhage 
This interesting condition appears to be a retrobulbar neuritis or possibly an 
intoxication of the retinal ganglion cells. The patients are usually over forty years 
of age and have suffered from pre-existing disease so that their physical condition is 


Fig. 92.—ATROPHY FOLLOWING Te THREE MONTHS AFTER ONSET. 


Tof large white objects in upper outer quadrant. 


Vision in right field reduced to the perc 
Left field: objects 535, 340- V-15- 


below normal. Cases of war Qi with this ocular complication are, however, 
reported. 4 

The usual cause is sega semorrhage from the gastro-intestinal tract or uterus. 
Within a day or two of morrhage rapid failure of vision occurs, bilateral in about 
90 per cent. of the ANS the optic discs are seen to be swollen, sometimes with small 


hemorrhages. N 
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Much depression of the field occurs with wide sector defects, which may produce 
varıous forms of restrietion resembling irregular hemianopia, vertical or horizontal, 
and always include the fixation area. Pincus believes that loss of the lower half of the 
field is so frequent as to be characteristic. Occasionally a central scotoma with intact 
peripheral field limits has been recorded. The defect is absolute or very intense, 
and although the tendency to recovery is present, the damage is so severe that a 
permanent loss of vision remains. 


Diabetes 


The scotomatous field changes produced by endogenic toxins in diabetes may be 
shortly referred to, as they are believed by many to closely resemble those of tobacco 
poisoning. Sometimes this is the case when the defect is centro-cecal in position, 
but in such cases the scotoma is denser and has steeper edges than that of tobacco, 
while the onset and course are different. Any illness may cause the development of 
amblyopia in a smoker who consumes enough tobacco, and diabetes is no excep- 
tion, but whereas the defect due to tobacco is constant in its characters, that due 
directly to the toxins of diabetes is multiform, and often pericentral and varying in 
shape. 

"We have seen that in tobacco amblyopia the central part of the field surrounding 
the scotoma undergoes eertain changes. Changes of this constant and characteristie 
type are not found in diabetic amblyopia. Cases of pure diabetic toxic amblyopia 
have not hitherto been sufficiently closely examined in any number to show the true 
characters of the field changes, and in many of the reported cases the diabetic origin 
of the amblyopia is not convincingly established. Ç 


Progressive Optic Atrophy, Qı Type 


This form of atrophy is primary in the almoscopic sense, since the optic 
disc shows no signs of having passed thr a stage of swelling and congestion. 
Without closely examining the vexed ion of the pathogenesis of tabetic optic 
atrophy, we may note that it is prob either to the action of the toxins of the 


of the fibres by a very chronic v ar and interstitial inflammatory process in the 
pial sheath and its trabeculesgr to a combination of both these factors in varying 
degrees (Paton). That ist s far as we know, the factors concerned are essentially 
very much the same as Oj hich act in other toxic-inflammatory affections of the 


spirochæta pallida directly upon on fibres, or to an impairment of the nutrition 


nerve. 

Both nerves Sr affected though in unequal degrees. The disparity 
varies greatly, Gog e very slight or so pronounced as to suggest the integrity of | 
the less affect . In the initial stage it is probable that the condition is in some 
cases unilatexf&Xor a time, but, as in other similar bilateral visual defects, the patient 
does not advice until the condition is more developed. 

ing Uhthoff (281) we recognise two chief types of field change :— 
S eneral depression fairly equally distributed over the field. 
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II. Local depression, the affected area being usually sharply limited from the 

remainder. The local depression may take various forms. 

I.—We have seen (Chapter IV) that in general depression the internal isopters— 
those for colours and small visual angles for white—first show contraction, and this 
is evident in the early stage of the tabetic type of field change.. Tested by the older 
methods, peripheral loss for colour was found with full fields for white. As the 
condition progresses the depression increases, and by the time that central vision has 
fallen so far as to incommode the patient the peripheral field will show relative con- 
traction for white, though often full limits if the object is large enough. In rapidly 
progressive cases disproportion is pronounced, and colour vision, even at the centre, 
may be almost entirely lost except for large and brilliant objects, while central vision 


Fic. 93.—TABES. 


Peripheral depression with relative retention of central fields. EN nasal fields. 


6 1 ...50 20 
pale Tr Objects : 350 gio» 380° 
V. 5. Objects: 335, 330 z000" x 


by Snellen’s test remains good. BRed-green blind appears first, and is followed 
by blue-yellow blindness when the failure for NA has become manifest. 


arious kinds occur with more or less 


II.—In the second type sector defect 
steep edges whose slope may vary Ken t parts. The unaffected areas may 
retain good vision for a considerable AN Such defects may involve one or several 
quadrants and may produce a hiel@P1 e resembling different varieties of hemianopia. 


A nasal step may be present, or cuate defect of nerve fibre bundle type passing 


to the blind spot. A definite ety is characterised by an approach to true concentric 
with preservation of central vision, even for colour, 


contraction (coast-erosion cy 
until the contraction AL Ame extreme. These fields resemble those attributed to 
perineuritis. 


Central scoto Y$ been observed occasionally, and is, according to Uhthoff, 
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who found it in 2 per cent. of his cases, by far the rarest of tabetic field changes. 
There is nearly always associated restrietion at some part of the periphery, and the 
scotoma progresses, breaks through, and expands until the whole field is lost. There 
may be a central scotoma in one field with peripheral depression or another type of 
change in the other. Hemianopia, both homonymous and bitemporal, has also been 
recorded, but is not regarded by Uhthoff as a pure tabetic manifestation. 

Interpretation. —The character of the field changes, especially the presence of 
nerve fibre bundle defects which extend across the vertical meridian, together with 
the absence of true hemianopic features, indicates the nerve as the site of the inter- 
ference. In the rare cases in which indications suggestive of hemianopia are found, 
careful examination by quantitative perimetry is necessary to show whether signs of 
tract or chiasmal interference are really present, or whether the condition is merely 
one of homonymous or bitemporal depression simulating true hemianopia only in 
position and shape. Uhthoff, for example, in illustrating a case of apparent 
symmetrical inferior hemianopia, points out that the condition is really a peripheral 
shrinkage of each field, and suggests that in other cases the hemianopia may be due 
to a complication. The point is also discussed by other observers (Fuchs, Langenbeck, 
Paton), and it would seem to be advisable to regard the existence of true hemianopia 
as a purely tabetic manifestation with some reserve until more detailed evidence is 
forthcoming as to the exact nature of the field changes and the absence of any basal 
complication in such cases. The existence of genuine hemianopic changes would 
show that the lesion may begin in the tract or chiasma. 

Similarly with regard to the presence of central scotgika in uncomplicated tabetic 
atrophy a closer analysis is required, not only of th Syn but of the whole field 
before the true relation of the defect to the tabe Bie, es can be established. A 
condition of this kind would bring the patient to the oculist, yet the develop- 
ment of perimetry and of neurological diagnggaNhas not increased such observations. 
Uhthoff never found central scotoma as a ated field change, but nearly always 


associated with some peripheral KO and it is probable that a more exact 


analysis would have shown that such tal scotomata are really portions of sector 
defects whose intensity varies at differe parts. There is no clear evidence of isolated 
involvement of the macular O d in reported cases the characters of the defect 
have not always been sufficie osely examined to exclude other conditions. The 
only instance I have perso een was a tobacco scotoma. (See also Paton, 191.) 

Wilbrand and Saen ribute field changes with rapid loss of central vision 
to a lesion in the ante d of the nerve, since here the macular fibres lie peripherally, 
and peripheral ey relative retention of central vision to a more posterior lesion, 


the macular fibr€s being affected late on account of their central position. 
We see, 

in which it*es 

that the 


elt that the disease affects the nerve, with possible unusual cases 
ates in the chiasma or tract. The first type of field change indicates 
cross-section of the nerve may be fairly uniformly affected, the second 


that or less sharply demarcated parts may be attacked. The significance of 
t changes in regard to the pathological process is not clear. Paton suggests 
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that the general depression of the field indicates a direct toxic action on the nerve 
fibres, and the more demarcated defects the secondary results of localised chronic 
interstitial inflammation. On the other hand, the general depression of the fields 
with loss of colour vision in advance of that for white—disproportion—only indicates 
diffuse partial damage to the fibres, and does not seem necessarily to indicate direct 
toxic action as against vascular obstruction. The different field defects may equally 
well be explained by diffuse or patchy interstitial disease of different degrees of severity 
especially if, as is believed, the obliteration of minute blood-vessels plays an important 
part. 

Diagnosis.—In the majority of cases, at the time when the patient presents 
himself on account of visual failure, the clinical picture is sufficiently developed to 


Fig. 94.—Tases. (From RoENNE, 209.) 


To show proportion and disproportion between the fields for „49, white ® red. In A these fields 
are proportionately altered, in B. disproportionately. White, thin ugs line: red...... 


make diagnosis easy without a very close N the fields. When the visual 


failure precedes the general symptoms by a long i al the importance of the peri- 
metric evidence is increased, especially as the (p%thalmoscopic appearance of simple 
atrophy may be produced by other Aue; history of onset and the gradual 
relentless progress of the defects offer N Andications and diagnostic difficulties 
are less likely to arise if the case is see NN y and observed over a period. It is note- 
worthy that at the time when vist OMe is first complained of, the optic discs are 
practically always already pale. 

In cases of suspected tabe{fqatrophy which appear to be unilateral, it is essential 
to test the apparently renga with small visual angles ; the examination of central 
vision only is ERS emianopic defects require careful scrutiny ; in tabetic 
atrophy they have N Raracters of sub-geniculate hemianopia, irregularity and 
incongruity with AN edges, while the preserved portions of the fields may show 
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asymmetrical changes indicating lesions of both nerves. In the progressive bilateral 
simple atrophy of chiasmal interference due to tumour, the type of hemianopia is so 
characteristic that a misdiagnosis can hardly be made even on the perimetric evidence 
alone. When atypical defects such as hemianopia or central scotoma are present, 
the characters of the defects should, therefore, be minutely examined, and the possi- 
bility of complications, such as intracranial disease or toxic amblyopia, should be 
considered before admitting such changes as features of pure tabetic atrophy. Bilateral 
atrophy with field changes resembling in some respects those of tabetic atrophy may 
be present in certain cases of retrobulbar neuritis, cerebral syphilitic disease, or 
multiple sclerosis, and in some cases of toxic amblyopia due to certain arsenic com- 


Fie. 95.—T 


Right field for $% 35 330 and 34) showing stee ©) nasa] side and sloping on temporal side. 
V=%. Left eye blind. 


moscopic appearances, and the genghal symptoms are different. 

Prognosis.—The presence of QyPportion or disproportion between the fields for 
white and colour is of value KA e the relatively stationary or actively pro- 
gressive nature of the co n. Progress may, however, be variable, and both 


remissions and SUN ay occur. Apart from the presence of disproportion 


pounds, but the onset and course a their relationship to the ophthal- 


or proportion the di types of field defect do not affect the prognosis. 
According to servers indications with regard to treatment may be obtained 
from the fields. Gr (15), following Wilbrand, finds that energetic antisyphilitie 


treatment ig raindicated in three types of field :— 
TE rent of central vision ; early failure for colour with normal or nearly | 
normal aries for white. 
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N treme concentric contraction, boundaries for white and colour falling 
AN ; normal or nearly normal central vision. 
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3. Slight field changes which affect white rather than colour perception ; normal 
or nearly normal central vision; already well developed pallor of the optic disc ; 
pronounced subjective light sensation. (See also Zimmermann (320).) 

On the other hand, Igersheimer (124), with Uhthoff, is sceptical as to the results 
of treatment, one way or the other, whatever the state of the fields may be. 

In any case it seems hardly justifiable to attribute further loss of vision, even if 
accelerated, to the treatment employed, especially when the field changes indicate a 
progressive type of atrophy. 


u 
PRESSURE 


The pressure group includes those cases in which the conduction interference 
depends upon local pressure upon the nerve such as is produced by neoplasms or other 
swellings. This cause may operate anywhere in the visual path, and as regards the 
optic nerve, affects most commonly the posterior part on account of its anatomical 
relationships. 

The field changes are, as a rule, wide sector depressions of irregular quadrantic 
or hemianopic shape producing different forms of vertical or horizontal hemianopia, 
or defects which tend in that direction. Usually one field only is affected, but both 
may be involved, and in the latter case the hemianopia may be bitemporal or hori- 
zontal, or possibly binasal, but is never homonymous. Sooner or later the defect 
crosses the vertical meridian of the field, and in some cases a real chiasmal A 
hemianopia may develop. | 


The intensity of the defect varies, it is often greater centralwards a central 
scotoma is present. The slope of the edge also varies at different pa at different 
times. Sometimes the peripheral depression is minimal or eve arently absent, 


and the scotoma may show no hemianopic features. xS 

The onset is usually gradual and the patient seeks è when central vision 
becomes affected. As the invasion of the fixation are a&ıly noticed, while peri- 
pheral failure tends to escape observation, the Pate y give a history of com- 
paratively rapid onset. In some cases the onset a y is rapid, and progress may 
be rapid or slow according to the nature of tpg lesfon. The peripheral depression 
becomes more intense and the affected part e field become blind. Ultimately 


the whole field may be lost. 
The changes are progressive aehaEdietimes varying, and the tendency to 
recovery is pronounced. Recovery ow) rapidly when the pressure is relieved, unless 


it has acted for a long time. | 
Interpretation. —A defect gonfrfed to one field indicates interference with one 
nerve; when both fields age the defects are usually bitemporal and indicate 


` a source of pressure lying bèn the nerves. When a temporal hemianopia is present 


in one field with integy] the other, the latter should be carefully watched for the 
appearance of a te SY defect there also, as a tumour between the nerves is likely 
to affect both EN later. Involvement of the chiasma, which may occur In such 
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A. Defect in upper one qua 
at foramen, © 
B. Central and perice, 


is Probably mainly a | 
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RE INTERFERENCE WITH THE Optic NERVE. 


increasing in density towards centre. Pressure on left optic nerve 
lm. 

ata in a case of encapsulated intra-orbital tumour. The pericæcal defect 
e cedema of the optic disc. V = Fingersat 1:5 m. Objects 385, 345 5 a0» 


330° 


central defect Qreakfng through in lower inner quadrant. 


> 5 VEO 2 10 
C. Pressure Ce nerve from sphenoidal tumour. 385, 330; zoso. Red 54%; showed a large 


cases, is in Cord by the development of characteristic defects, though it may be 


difficult t 


innereg e (so both nerves in the anterior chiasmal angle or to interference with the 
N SE of the chiasma itself as the crossed fibres are affected in both cases. The 
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r from the field changes whether these are due to interference with the 
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Fıc. 97.—PRESSURE INTERFERENCE IN FRONT OF CHIASMA. 


Right field shows temporal defect and temporal hemianopic scotoma. V. gy. Objects 2% 350: 
Left field at this date practically normal for ;4,, and no defect could be elicited with other tests. V.$. 
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Fig. 98.—SAME Casg 5 Two YEARS LATER. 


: s 
Pia. Objects Zu 38 330 and 330° 
nopic scotoma. Objects #35, 380 330° 


Right field now shows absolute temporal he 
Left field shows great depression and tempor 


possibility of bilateral defects bei e to interference with the chiasmal termination 


of one nerve has been referred popp. 70, 140). 
In persistent unilatera the lesion may be placed lower down in the nerve, 


especially when hemian atures are not prominent or are absent. Slowly ad- 


: PER: ; ‘ : y ; 5 
vancing changes ANS slowly increasing pressure and vice versa. There is also 


considerable SERIES Tession when the pressure is active with pronounced central 
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scotoma and disproportion between the fields for white and colour. Stewart and 
Riddoch have shown that pressure upon the spinal cord produces its effects by causing 
venous congestion and arterial ischemia rather than by compressing the nerve fibres 
themselves, and it may be assumed that pressure upon the optic nerve and other parts 
of the visual nerve path acts in the same way. 

Diagnosis.—lt is important not to confuse pressure interference with retrobulbar 
neuritis. The characters described, together with the history and course of the field 
changes, considered in association with the evidence from other sources, often enable 
the correct diagnosis to be made or, at least, guide the observer in the proper 
direction. | 

In unilateral cases without obvious hemianopic features a local orbital source 
should be suspected. Orbital swellings usually present little difficulty, but when the 
apical region is involved there may be proptosis only, and the presence of a swelling 
within the orbit may be doubtful. Here mucocele or tumour of the nerve sheath 
should be thought of, and careful radioscopic examination of the foraminal neighbour- 


hood is indicated. The intracranial part of the nerve may be affected by meningeal 


tumours growing from the region of the olivary eminence or by glioma of the nerve 
itself. The former tend to involve the inner side of each nerve, one after the other, 
and the latter may be either uni- or bilateral. Bitemporal hemianopia due to a pre- 
chiasmal tumour between the nerves does not show the regular orderly progress charac- 
teristic of typical chiasmal pressure interference. Interpeduncular tumours or tumour | 
or abscess of the frontal lobe may affect this part of the nerve without involving the 
chiasma. In frontal lobe cases, as Foster Kennedy and N have shown, there may 
be choked disc on both sides or choked disc on one E d pallor of the disc on the 
other. Central scotoma is found on the side of the p i this is present, the other field 
shows no change or only slight peripheral restricts th some enlargement of the blind 
spot—the usual signs present in choked ine i increased intracranial pressure. 
The scotoma is due to pressure by the a frontal lobe upon one optic nerve. 
Bilateral inferior altitudinal hemianopy Qies have been ascribed to elevation of the 
nerves pressing them against the sha r margins of the optic foramina which are 
overlaid by a stiff fold of dura mafer. 

Pressure effects due to indefftatton of the nerves by hardened arteries have been 
described, but do not apes © of much practical importance excepting in so far 
as they may be supposed plain some obscure cases of simple atrophy in elderly 
persons who have artey ease. More important is the constriction of the upper 
surfaces of the EN e circle of Willis when they are forced upwards by a sub- 
chiasmal tumou Q or both fields may show defects of inferior altitudinal hemia- 
nopic type, Ne, of chiasmal interference are also present. 

Prognosjs.—Pressure defects show a pronounced tendency to recovery if the 
cause 18 ce before permanent damage is done and vision may be restored even 
after th se of months. The prognosis is therefore good if the pressure can be 
ER though considerable pallor of the dise is present, while the degree ol 
N y depends upon the stage at which the interference is removed. 


RN 
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II. PLEROCEPHALIC CEDEMA, (CEDEMA DUE TO INTRACRANIAL PRESSURE ‘‘ CHOKED 
DISC ” OR ‘‘ PAPILLCEDEMA,’) AND ‘‘ POSTNEURITIC ’? ATROPHY 


The field changes produced by cedema of the optic nerve due to increased intra- 
cranial pressure from any cause, consist firstly of those due solely to the cedema, and 
secondly of those due to the ensuing atrophy. Complications may also be present in 
the form of defects due to direct interference with the visual path by the cause which 
produces the increased intracranial pressure, or may arise from other sources. 

1. “ Enlargement of the blind spot ” has been described. by De Schweinitz as 
occurring before ophthalmoscopic evidence of choked disc is present. Personally, I 
have found the fields normal until the swelling of the nerve head is definite. At this 
stage a pericecal defect develops which begins as a slight enlargement of the normal 
amblyopic zone and enlarges to a scotoma extending for several degrees round the 
blind spot and half way or even farther towards the fixation point. Its intensity 
diminishes towards its periphery where it slopes with a varying degree of steepness 
into the unaffected part of the field. The onset is usually gradual, but in certain cases 


Fic. 99.—(EDEMA or Disc FROM INCREASED INTRACRANIAL PRESSURY 
Objects 3285. sohn. 1924, July 25th, October 12th, and November 9th, from 


Vision $ throughout. N 
may be rapid, and the defect is commensurate with the f the nerve head and 


surrounding retina. If the cedema extends into &be Acular area the changes 
there soon produce slight depression of central visi the form of a small central 


relative scotoma, which is more easily demonstra at first by colour tests and 
presents the relative blue-blindness characteris a retinal outer layer disturbance. 
t from this condition central vision 


brain tumour. 


A relative centro-cecal defect may result. 
is not affected by uncomplicated plerocepQGs &dema without atrophy. 

2. As atrophy sets in the field es depressed and concentric contraction 
appears. The internal isopters digen than those which lie peripherally, so 
that peripheral vision fails more rap¥#y than central vision (apart from the condition 
referred to above), and in pe, stages a patch more or less central in position or 
round the blind spot is the disappear. In the latter case the earlier loss of the 
nasal fields may produce anime to binasal hemianopia. 

Complications NO ocalised interference consist for the most part of hemia- 

N 


nopic changes or un ‘1 central scotoma. Uhthoff found homonymous hemianopia 
M 2 
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2 260 : 280 270 
Fic. 100.—PLEROCEPHALIC (EDEMA IN BRAIN TUMOUR. 


Greatly enlarged blind spots with defect extending towards fixation point. Relative central scotomata 
(not charted) due to macular cedema were also present. Commencing atrophy on left side indicated by 
peripheral contraction. R.V.;% part. L.V. part. Objects 335, 340: 3000» zoro (blind spots). 


Fic. OWN Critic’ ATROPHY (Atrophy. following plerocephalic cedema). 


sith great peripheral depression. R.V.;%. Objects: #35. 1890 1800» 
P1000: 


Tendency to nasal de 
L.V. $- Objects 


in 2-7, hetero us (temporal) hemianopia in 1, central scotoma in 2, and ring 
scotoma in per cent. of his cases. Nerve fibre bundle defects have been noted by 
Roenne, on’ zily and others, and are ascribed by the former to accidental special | l 
impli (on a bundle at the disc margin. 


Ars 


N defects due to atrophy following the cedema and those due to different kinds | 
AN l interference may be present together, and ultimately, if the process is con- 
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tinued, the interference changes may become difficult to recognise owing to the general 
depression of vision and the contraction of the fields. 

Interpretation.—The pericecal scotoma may be regarded as depending upon the 
enormously increased thickness and opacity of the nerve fibre layer immediately 
around the optic disc, and also on the pushing away of the retina from the edge of the 
porus opticus so that the area devoid of percipient elements becomes increased. The 
central scotoma is due to the macular cedema, and in severe cases may merge into the 
pericecal defect. These changes are merely a result of the swelling and congestion 
and have no special significance ; it is important not to mistake them for visual loss 
due to direct interference with the nerve path or to commencing atrophy. The sub- 
sequent depression and peripheral contraction are due to interstitial changes in the 


Fia. 102.—POSTNEURITIC ATROPHY, CAUSE UNKNQOW 
Pseudo-binasal hemianopia with great depression of the fields. V.O. ee . V.O.S. = Fingers. 
The nasal margin of the right field is probably not so straight as ER beects: R. and L. 4. 


nerve, which, while present in the whole cross-sectio the nerve, are, as a rule, more 
severe peripherally, and spread inwards causing gegliminution in the blood supply to 
the fibres. Central scotoma, apart from retinal a or a defect of hemianopic type, 
points to a complication, and its characters e the situation of the interference 
with the nerve path. N | 

Diagnosis.—The existence of œ the nerve and the state of the macular 
area are ascertained by the opti ope and the function of perimetry is the 
detection of direct interference gnd Of the first signs of commencing optic atrophy. 
It is not always possible to dis tish by the ophthalmoscope plerocephalie cedema 
from the cedema produced b cal optic nerve lesion, but mistakes are likely to be 
avoided if it is rememberg& that in the former central vision is never affected, except 
by a complication, u Sr stage ıs attained, while in the latter central vision is 
almost always Er rom the beginning. Exceptions to this rule are rare, and 
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usually easily diagnosable in other ways (e.g., oedematous disc with nerve fibre bundle 
defect in the field in choroiditis juxta-papillaris). 

The fall in vision due to macular changes is never severe and presents the dis- 
tinctive retinal characters already referred to. It should not be confused with that 
produced by commencing atrophy, and in this differentiation perimetry is of assistance 
as the latter appears first in the peripheral and intermediate zones of the field where it 
should be sought while central vision is still good. If macular changes, direct inter- 
ference, and commencing atrophy are all present together, care is required in attribut- 
ing each feature to its proper cause, but no great difficulty is introduced, as a rule, 
until the atrophy has progressed sufficiently to mask the other conditions. 

Central scotoma in one field in cases of choked disc has already been mentioned 


x 
Fic. 103.—VASCULAR Ro THE OPTIC NERVE. 
Wide sector defect with central scol nd®peripheral depression in retained field. 

as a pressure interference, it has been recorded as resulting from combined retro- 
bulhar neuritis and meningiti significance of hemianopia will be referred to later. 

Prognosis.—The opht Qu. surgeon is sometimes asked how long it is safe to 
postpone a decompressi ration, and in this connection perimetry is a valuable 
complement to ophtl topic examination. Once visual loss due to post-cedematous 
atrophy has comm ‚it may advance rapidly, and after a certain stage has been 
reached decomyfresatah often fails to prevent further progress to complete blindness. 
Early signs of p&efheral failure should be sought as soon as the patient comes under 
observatio the examination should be repeated at intervals using delicate tests. 
oscopic appearances and the state of central vision alone do not give 
indications of commencing atrophy. | 
he absence of complications the prognosis as to vision is excellent if decom- 


p is done in time. 
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IV. VASCULAR DISEASE 


Occlusion of vessels in the nerve may occur in arterio-sclerosis or syphilis, leading 
to a greater or less extent of damage to the fibres. Field changes resembling those of 
retrobulbar neuritis ensue, but, since the axis cylinders perish if their blood supply is 
completely cut off, permanent loss of vision is apt to result. General depression, 
sector defects and central scotoma occur, and the visual loss may be very severe. These 
field changes, together with the ophthalmoscopic appearances and other signs of vas- 
cular disease in the patient, who is usually elderly, form the basis of the diagnosis. 
The prognosis as to vision is bad, although a certain degree of recovery may take place. 


V. TRAUMATISM 


The nerve may be injured as a result of violence, with or without a fracture 
through the optic canal. The most interesting cases are those in which the violence 
has been apparently very slight. Very frequently immediate, complete and per- 
manent blindness of the eye on the injured side ensues. In other cases some recovery 


A. Five weeks after injury. V. = 3%. 4 
B. Another case, ten weeks after i injury. V. { N fests 330: 340: zogo White and 5395 red. 
Note horizontal -O RN for small objects in both cases. 


of vision takes place. When ce the field shows concentric contraction or a 
more or less extensive sector hich may occupy half or more than half of the 
field. Only an eccentric } in remain, but central scotoma with intact or 
relatively intact peripher d is rare. The defects vary in intensity, but are 
usually absolute or ser ıth steep edges. 

The nature of N changes indicates that the lesion is in the nerve : occasion- 
ally bitemporal NN opia occurs pointing to damage to the chiasma. The partial 
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Fic. 105.—INJURY. MORE SEVERE CASES. 


A. Objects 3895, 33°55 s50. Nine months after injury. V. = Fingers. Temporal hemianopic defect. 
B. Two months after injury. Superior hemianopic defect. 


recovery, leaving a permanent complete sector defect, suggests that the cause is not 
the presence of blood in the sheath, but probably the rupture of vessels passing from 
the sheath into the nerve substance depriving the nerve filyes of their blood supply. 
The lesion is usually in the optic canal. — N 
The examination of the fields may be of value 4 dico-legal cases, and some 
help in regard to prognosis may be obtained. If di Ch rtion is present and the edges 
of the defect are sloping, further improvement e expected, but if the margins 
are steep and the white and colour fields RR rtion not much more recovery will 


occur. N 
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CHAPTER X 
THE CHIASMA 


Our appreciation of the field changes which are associated with lesions involving 
the chiasma is greatly facilitated by what is known of the fields in affections of the 
optic nerve. It is only necessary to apply the principles already studied to the special 
anatomical arrangement of the chiasmal fibres in order to understand easily the main 
characters of the field defects which depend upon interference at this point. Almost 
without exception these changes are so typical that they definitely indicate involve- 
ment of the chiasma. 

The characteristic field defect resulting from chiasmal interference is bitemporal 
hemianopia, which in its typical form is found in cases of pituitary tumour. Many 
varieties of bitemporal hemianopia used to be described until it was shown, originally 
by Josefson, that the so-called varieties are stages in a progressive process. 

Two types may be recognised, the scotomatous and the non-scotomatous. 


Scotomatous Type 

The field begins to show depression in the upper outer quadrant wh Dor 
become lowered and therefore move towards the centre of the field. i 
is most noticeable at the periphery if a medium size of test-obj 
therefore, called peripheral indentation or “ temporal slant ” (o 
normal outward convexity), it will be immediately recog if several internal 
isopters are examined, whether with colour or small whjtege}ts, that practically the 
whole quadrant is affected even at a very early stag ') ò periphery may appear 
almost completely normal for a test as small as ny Mile a definite upper outer 


quadrant defect is present for yopo. Sometimes, h a distinct scotoma may not 
be demonstrable, the more central isopters may ghd? a more definite alteration than 
those which are normally more peripheral. UO carlist stages the only sign may be 
a slight upper outer restriction of the isop sooo,» While colour perception in that 
quadrant, even for small objects, is m 


mmed. 
Towards the vertical meridian "O Se of the depression is fairly sharply defined, 
and as the defect progresses the edige becomes steep and ultimately perpendicular, 
but the vertical meridian is not crdseéd in the upper quadrant. Below, the depression 
slopes more or less into the. G#) unaffected lower temporal quadrant except where 
there is a scotoma with a Ny ower margin. 

About this time AN? of the upper outer quadrant shows a scotoma bounded 
by the vertical and tal meridians of the field along which, especially the vertical, 


it is sharply define’ This scotoma enlarges upward to meet the down-growing 
169 
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Fic. 106.—BITEMPORAL HEMIANOPIA. EARLIEST STAGE. 


Objects 335; 335 5 zoo. Characteristic change in central area of one field only. Right field showed no 
defect for white or colour. Acromegaly : eighteen months after onset of general symptoms. R.V. &. 
L.V. $. 


| 7.—BITEMPORAL HEMIANOPIA. EARLIEST STAGE. 


i @ Objects 385. s403 zu: e left field also showed a slight relative defect for colour in the upper outer 

Ml | quadrant. R.V a }.” Nine months after onset of general symptoms: acromegaly. 

I | . 

ii indentation and ks through to the periphery. It also expands downwards into 


ia the lower uadrant, giving the field an uncinate or gourd-like outline, with a 
i] hook-sha Ne extending outwards and upwards below and around the outside 
| of the PNY spot. The lower quadrant then fails peripherally below, its isopters 
ENS dented, and the scotoma breaks through, isolating the outer part of the 
ho aped process, and thus producing the temporal island. 
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There is now a hemianopic scotoma with a straight edge on the vertical meridian 
and a rounded outer margin extending to or enclosing the blind spot, while the remains 
of the temporal field, the temporal island, lie partly on and partly below the horizontal 
meridian outside the blind spot. The defect now advances across the vertical meridian 
into the lower nasal quadrant, which fails from below upwards, while the scotoma 
invades its apex. The temporal island becomes gradually weaker, but can often be 
demonstrated until a late stage if a large enough object is used. Finally, the upper 
nasal quadrant becomes depressed, the scotoma extends into its apex and its last 
remnants usually occupy a rounded patch rather nearer the horizontal than the 
vertical meridian. Thus the field changes progress regularly through the quadrants, 


depression is shown 


Fıg. 108.—BITEMPORAL HEMIANOPIA. COMMENCING oe AS 
er 


Objects 335, 34v; zoo, Also 249, red (dotted line). In the left field the gg 
better for colour than for white. R.V., L.V. $. Five years after comme 


of gland symptoms: 
acromegaly. O 

clockwise in the right field and counter-clockwise x eft. These changes always 
affect both fields, though always in different degre that one field presents a more 
advanced stage than the other. The disparity, D. small, or so extreme that one 
field appears blind while the changes in the ay be so slight as easily to escape 
observation unless the examination is ex . The defects are relative, becoming 
denser as the condition progresses, ~ margins are sloping at the part where 
advance is occurring. As a result of Sloping edge, it is usually possible to obtain 
an outline showing loss of the Kos field alone if a suitable size of object is 
selected, but the true nature of tMesfield changes can only be shown if several objects 
are used. The informatio ained from the use of only one object is always 
inadequate and may even ısleading. 

The progress of th ct appears to halt occasionally, the chief pause occurring 
when the tempor have practically entirely disappeared while the nasal fields 
are still relatively NNact, so that with a test-object of moderate size a complete 


> 
> 
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bitemporal hemianopia is found. A second halt may occur when the temporal field and 
the lower nasal quadrant have disappeared leaving a fairly clean-cut upper nasal 
quadrant with steep edges. Sometimes, when the progress on both sides is approxi- 
mately equal, very symmetrical fields result, the two nasal halves or the two upper 
nasal quadrants remaining ; but this is a relatively uncommon development. 

The same changes take place in the colour fields. Defects for colour are often 
found before those for white, because colour isopters, with the size of object usually 
employed, are internal isopters, and we have seen that in depression of the field the 
internal isopters show alteration in position early, and, secondly, because a true dis- 
proportion may be present. It may be possible to show the progressive variation in 
peripheral visual acuity in all four quadrants in the sequence given in one or both 
fields at the same sitting by a careful colour test. Thus red may be unrecognised in 
the upper temporal quadrant and only faintly in the lower, fairly well in the lower 
nasal and quite distinctly in the upper nasal quadrant. 

The behaviour of the scotoma is very similar to that of the peripheral field. The 
defect commences in or near the apex of the upper temporal quadrant and may 
extend as far as the blind spot before it invades the apex of the lower temporal quad- 
rant. It then affects the remaining quadrants in the same order as the peripheral 
changes. If when first seen it is found to occupy the apices of several quadrants, a 
progressive diminution in intensity in the same sequence is usually easily demonstrable 
by quantitative analysis. The intensity of the scotoma may be very slight in the early 
stages, but increases as the condition develops. In shape the scotoma as a whole may 
be quadrantic or hemianopic, or it may be round or excl, only showing its 
special characters on analysis. Nerve fibre bundle also occur, arching from 
the blind spot to the vertical meridian where the harply cut off. The fixation 
area is very frequently vertically divided by thele&ee of the scotoma, or it may be 
completely within the scotoma. In the latter ORe vertical and horizontal meridians 
passing through the fixation area may stil eN fined by quantitative analysis, since 
the intensity of the scotoma varies in a, {ferent quadrants. In other cases, even 
in an advanced stage, when only the uppef nasal quadrant remains, the fixation area 
is spared. This sparing may be pr K only for larger visual angles and absent if the 
test-object is small or coloured. sparing may be greater on one side than on the 
other, or absent on one side, Sr the case progresses the sparing usually disappears. 


Non-scotomatous Type 


The field change Nilar, but the scotoma is absent. In this slowly advancing 
type the earliest (Madges are best studied. It may be impossible to elicit any peri- 
pheral depression either white or colour, the only demonstrable alterations being 
within the RCA Here it will be found that the isopter for 5,455 does not encircle 
the blind ut leaves its upper part bare, as it were, and is deflected inwards in 


the upp poral quadrant. It may or may not be possible to elicit corresponding 
cha r colour with certainty, as the patient may find greater difficulty in giving 
e response than when white is used. | 


a 
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This early change may be in one field only, and may be inconstant, disappearing 
and returning again. 

As the condition De the en of the upper outer quadrant becomes 
evident with tests such as spo and 34, white and x 30 red, and progresses gradually 
downwards in the temporal field. The fixation area is spared and central vision by 
Snellen’s test remains good. The defect often does not progress into the lower nasal 
quadrant, and may only partially affect the lower temporal quadrant, so that only 
the earlier stages are attained. As a rule the same type of change is present in both 
fields. The non-scotomatous type may change to the scotomatous in some cases and 
the two types are not rigidly separated. 


The changes described may be regarded as the typical or regular changes which 
result from interference with the chiasmal nerve path from below. Numerous varia- 
tions occur both in the order in which the quadrants are affected, and in the symmetry 
of the two fields. The more important of these atypical forms are produced by early 
involvement of the upper nasal quadrant, producing a somewhat irregular horizontal 
hemianopia, or by the commencement of the process in the lower quadrants. Both 
the upper and the lower parts of the temporal field may be affected together, producing 
a general temporal restriction, or, diagonally situated quadrants may be chiefly 
attacked or affected at an early stage. Not infrequently these atypical forms become 
modified as the condition progresses into more characteristic varieties, and combina- 
tions of typical and atypical forms are met with occasionally. em, or 
sudden alterations in the distribution or character of the defects often nd con- 
siderable variation in central vision is not uncommon. A bitemporal anopia may 
become homonymous, the temporal half of one field recovering ethe nasal half 
becomes affected, a change sometimes associated with a halt ı e progress of the 
defects and an improvement in vision in one or both eyes. a lly any combination 
of stages or forms may be present at one time in the no ds, and the difference 
between the latter may be extreme. Total blindness ost normal field on one 
side with, in the opposite field, a hemianopic or RS defect in a very early stage 
may be found and may easily be misinterprete the slight defect may escape 
observation. In the later stages the typical dev&eépment may be greatly modified, 


and the ultimate picture may be atypical Pe r both fields. A final remnant may 


be present in one lower nasal quadrant, a metrical retention of both lower nasal 
quadrants, a great rarity, has once ofded (Hirsch). 

Interpretation.—The study of cha l field defects affords the best introduction 
to the principle of anatomical 1 tation based on the fascicular architecture of 
the visual nerve path. In the nerves the fibres from contiguous parts of each 
retina lie together, and bilatefGA field defects are the expression of separate lesions and 
have individual and inde t features. At the chiasma the crossed and uncrossed 
fibres become separat Qa intermingled, and finally regrouped into the tracts. 


makes the chias 


only place where a single point of interference can produce 


The widespread ANS ment of the crossing fibres flanked by the direct bundles 
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Fig. 109.—BITEMPORAL HEMIANOPIA. EARLY CHANGES IN LEFT FIELD WITH ADVANCED STAGE IN RIGHT. 


` Objects 33% 330 5 3060: zunv- Right field shows loss of upper quadrant, splitting off of temporal island 
and complete hemianopia for a small object. Acromegaly : five years’ duration. R.V.$. L.V. 3%. 


Fic. 110.—BITEMPORA OPIA. PENULTIMATE STAGE IN LEFT FIELD; RETENTION oF UPPER 
O WAL QUADRANT WITH A VERY Dim TEMPORAL ISLAND. 


Objects 53,5, 33 5 Right field shows hemianopia for colour only (z5, red), and only a slight 
depression for Ç) . Acromegaly absent. Headache four years, visual loss one year. 

nopia, and the complicated fascicular crossings enable a single lesion 
s to produce various combinations of field defects. For the same 
niikely that even a minute lesion, if in the chiasmal body, will cause 


ymited to one field. A median lesion involves both crossed bundles, and a 
lat sion both crossed and one direct bundle. Nor can the macular fibres be 
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Fie. 111.—BiremporaL HEMIANOoPIA. LEFT FIELD SHOWS MODERATELY ADVANCED STAGE; RIGHT, 
EARLY CHANGES. ACROMEGALY OF FOURTEEN YEARS’ DURATION. 


_ Objects, left, 385, 34v; 34% red (dotted line). Right, 535, 340; acho zogo R-V., L.V. £. 


CoMPLETE TEMPORAL HEMIANOPIA ON IDE WITH DIVIDED FIXATION AREA. Il 
` 5 1 6 | 
Objects 385, 340. R-.V.&. L.V. &. Glan 


. : > : - 5, . 300 Fi : = : = g . 
en: : ¢ J 290 Meer 
x 280 270 260 5 
Fig. 112.—BITEMPORAL HEMIANOPIA. EARLY cË Òr SIDE WITH SPARING OF FIXATION AREA ; 


s minimal. ` 


easily affected alone, so that bifemperal hemianopic central scotomata are almost || 
always accompanied by some surr ing defect. The fibres from each retina preserve I 
their original relationships a level, excepting in so far as the crossed and uncrossed Il 
bundles are separated, an se from corresponding points in the two retine have | 
not yet come to lie ¥ ide. Thus the characteristic features of chiasmal field 
defects depend on 4 rence with more than one fasciculus, which can hardly be i 
avoided even by a small lesion owing to the intermingling of the fibres, and the 


N | 
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Fie. 113.—BITEMPORAL HEMIANOPIA. WELL-DEVELOPED CHANGES FOR COLOUR ESPECIALLY. CENTRO- 
CÆCAL SCOTOMA, SPLITTING OFF OF TEMPORAL ISLAND, COMPLETE HEMIANOPIA FOR SUITABLE OBJECT. 


Objects 385, 340; 2 35% red. Acromegaly: four years after onset of gland symptoms. R.V. 5. 
6 
. 73° 


280 


Fie. 114.— E CASE AS IN Fic. 113, BUT ELEVEN WEEKS LATER. 
Pronounced changes present. On the right side the scotoma is invading the nasal field. 
R.V.. LV. 


defects vary in Epa intensity in the two fields according to the way in which 
more or less of t res of the bundles concern ed are affected. 


Bitemp hemianopia indicates an interference with the crossed fibres from 
both reti d, therefore, a lesion in or near the median line affecting either the 
inner % f both optic nerves, the body of the chiasma, or possibly the inner sides 


of RN racts close behind the chiasma. In the first situation, as we have seen, a 
uNN ral temporal hemianopic defect is produced which may exist for some time 


es 
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Fia. 115.—ANALYSIS OF THE SCOTOMA IN THE Fie. 116.—THE Lerr FIELD OF THE SAME CASE 
Ricut Frevp or Fia. 114. TWO MONTHS LATER, SHOWING TYPICAL CHANGES. 

Absolute scotoma for 529, white, too dense to Objects sy, 350 340 V. = > Therighteye 

analyse. Small nasal defect for 5,45 white, was almost completely blind at this time. 


larger in lower nasal quadrant. Hemianopic 

central defect for „42, red (dotted lines) in which 

red was called orange in upper part (horizontal 

shading) and yellow in lower part (vertical 
shading). 


280 770 260 2800 270 260 


Fic. 117.—PHE SAME CASE TEN YEARS LATER. 
Almost complete recovery of left® hich shows only the earliest stage. Objects 355, 3455 ado 3 
ws nasal hemianopia with central defect. Objects 355, 345: 
to homonymous hemianopia occurred two months after the date 
e right temporal and complete loss of the right nasal field. 


z$% red. V. = $. The right 
V. = Hand movements. 'The c 
of Fig. 114 by the Teappeara 


177 
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Fia. 118.—BITEMPORAL HEMIANoPIA. TYPICAL FIELDS IN A MODERATELY ADVANCED CASE. 


Pituitary tumour without acromegaly. Duration one year. Objects +45, 3%» ado» x30 red. R.V. 3. 
L.V. & 


Fic. 119.—BITEMPORAL Hemp! TERMINAL STAGES BEGINNING. The lower nasal fields are 
gradually shrinking neS oral field partly present on left side for a large object. 


Objects #°, 33% IANS ight field 4%, 350° zoo: sooo: RB-V- x. L.V. 3%. Acromegaly : 
same case as Fig. ater. 


before the other fiel o The third possibility is more theoretical than actual 
as a tumour E lesion between the tracts would require to exert its influence 
outwards but no Gier in order to produce bitemporal hemianopia from pure tract 
interferen hether this ever occurs is not known, and does not seem probable ; 
tumours { s position usually cause homonymous hemianopia passing on to blindness 
on the side opposite to the originally affected half fields, since complete 
ANS of one tract is followed by interference with the crossed fibres of the other 
he chiasma becomes involved 
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As a rule, a medial tumour presses upwards beneath the chiasma and between the 
nerves, then as it enlarges further the main growth is between the tracts, tipping the 
chiasma forwards. The chiasma may be stretched over the surface of the tumour or 
may be canted into an almost vertical position. At first the fibres from the lower inner 
retinal quadrants are attacked. On anatomical grounds it is clear that any medial 
interference from below will involve both sets of crossed fibres, and the more the 
posterior edge of the chiasma is affected the more prominent will be the scotomatous 
character of the field changes. The fibres from the upper inner retinal quadrants come 
next in order, presumably because they lie more dorsally in the chiasma. The sparing of 
the temporal island is a very characteristic feature in tumour cases and must have some 
significance. It seems justifiable to assume that the fibres which are represented by the 
temporal island do not le among the crossing fibres which traverse the centre of the 
chiasma, but probably more laterally in the neighbourhood of or mingled with the direct 
fibres. The presence of the temporal island with comparatively intact nasal fields indi- 
cates that the site of interference is approximately median, for were the crossing fibres 
blocked where they are laterally placed, the direct fibres would suffer also. Ultimately 
when the chiasma becomes practically divided antero-posteriorly, the island disappears, 
and by this time the dorsal direct fibres are showing signs of impaired function. The 
chiasma is now much distorted, the crossed fibres are apparently entirely obliterated, 
and the uncrossed bundles lie at the sides of the tumour comparatively unharmed. 

The temporal island is found in bitemporal hemianopia from various cauges, and 
its presence appears to indicate the chiasma as the site of interference. It is Moniy 
absent when the lesion is prechiasmal and affects the inner sides of t nerves, 
presumably because the crossed bundle is not widely spread out in rve as it is 
in the chiasma, but in the present state of our knowledge it would hi to inter- 
pret its absence always in this way. | 

At this stage, when the temporal fields are practically bh nd the nasal fields 


not yet seriously affected, a halt is apt to occur, and it e supposed that the 
tumour had ceased to grow. Good central vision may b ained on one side if not 
on both, and the nasal fields remain relatively intac t the other symptoms, such 


as headache, persist. What actually happens is t he tumour, having split the 
chiasma antero-posteriorly, grows up into the in. The uncrossed bundles con- 
tinue along the sides of the tumour compara gamed into the tracts, and the 
crossed fibres are non-existent, though thar ts may sometimes be traced across 
the front of the tumour. Death may oc NS h the fields still in this state. 

The failure of the temporal fiel Q above downwards ıs not difficult to under- 
stand in the case of a lesion advan&ingJfrom below. The explanation of the upward 
failure of the nasal field is not ge,evident. Possibly the dorsal uncrossed fibres fail 
first because they lie more ce in the chiasma, or possibly they are not affected 
in the chiasma, but farthe ards on account of pressure on the upper surfaces of 
the anterior arch of the circle of Willis,’ or by the fold of 


the nerves by the BNNs 
1 But see Hirsch (114), C N ere the upper surfaces of the nerves were deeply indented by the arteries, but the 


lower nasal quadrants N ed. 
N 2 
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Fic. 120.—BiremporaL HEMIANOPIA. A CLOSE APPROACH TO COMPLETE Loss OF TEMPORAL FIELDS 
WITH Intact NASAL FIELDS. SPARING OF FIXATION POINT. 


Objects 535, 345. Some very dim vision for large objects still present in temporal fields. R.V. $. L.V. 
3%. Same case as Fig. 118 five years later. Patient died two years later without notable further change 
in the fields. 


ee, 
N Fic. 121.—TUMOUR FROM SAME CASE AS Frcs. 118, 120. 
trate antero-posterior splitting of chiasma by a large centrally placed tumour whose continued 
wärd growth does not further affect nasal fields. The tumour is seen from in front with the remains 


S the chiasmal body, slightly exaggerated in the drawing, stretched across its anterior surface. Partially 


degenerated nerve fibres were found crossing the front of the tumour. (Natural size.) 
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dura covering the intracranial end of the optic foramen. The presence of this peculiar 
sequence even when the tumour is small, suggests that they are affected in the chiasma 
and that the sparing of the ventral uncrossed fibres until the last stage is to be attributed 
to their blood-vessels being sheltered in some way so that normal circulation can be 
maintained amongst them longer than in the dorsal group. It may be justifiable to 
infer that in the chiasmal body the ventral uncrossed fibres lie laterally in relation to 
the dorsal uncrossed fibres, a surmise which, if established, might explain some of 
the atypical cases. 

The mechanism of production of the field defects has been the subject of three 
hypotheses : pressure, traction, and the action of toxins. Of these by far the most 
attractive 1s the first, provided that it is understood that the pressure acts not directly 


280 
Fie. 122.—BITEMPORAL HEMIANOPIA. LATE Sty & 
Same case as Fig. 108 four years later, one year later than Fig. 119. ® ue® shrinkage of left field, 
some improvement in right. Objects 335, 335: 300 P-V. oy EV. I 


on the nerve fibres but on the blood-vessels, by ee a the venous return and by 
producing arterial ischemia. Purves Stewart/gad Riddoch have shown that this 
process is the essential factor in pressure on t al cord, and it is difficult to explain 
the features of chiasmal pressure interfer any other basis. Such a process 
could enable a rounded surface like tha tumour to give rise to field defects with 
sloping edges which recover rapidl Oo the pressure is relieved. This hypothesis 
is also capable of explaining the Gey ance between the effects of pressure, inflam- 
mation, and traumatism. 

The significance of the sé Pa is of interest. It is present in inflammatory cases 
and in tumour cases when Nrowth is more or less active; it is absent when the 
tumour is of slowly gr gs practically stationary type as in chronic acromegaly. It 
is possible that it is N vity of growth rather than the site of the interference which 


determines the AN of the scotoma, but at the same time we must remember that 
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Fic. 123.—BITEMPORAL HEMIANOPIA. LATE STAGES. 

Very dim lower nasal quadrant in left field. Object 35. V. = hand movements. Typical late stages 

in right field ; objects £9, 285. 33% 340 z% red (dotted line). V. = counting fingers at 1m. Four 

years after commencement of glandular symptoms (mixed type). 

Fia. W BITEMPORAL HEMIANOPTA TERMINATING HOMONYMOUSLY. 

Upper inner quadra ining in left field ; objects 585, zoso: V. = Fingers at 4m. Upper outer quadrant 

remnant in ri objects 6%, 39, V. = perception of hand movements. Eighteen months 

after onset, acfomeg@ly not present. 
the more rap growing tumours may originate in the pituitary stalk or, if intrasellar, 
enlarge t r orifice above and press up against the back of the chiasma where the 
centra cross. Inflammatory processes such as gummatous meningitis also tend 
to 4 the back of the chiasma. When the tumour is intrasellar and slowly growing, 
ty "sum selle is not eroded but thinned and expanded, and appears elongated 


THE CHIASMA 183 


Fic. 125.—BITEMPORAL HEMIANOPIA. ILLUSTRATING SPONTANEOUS RECOVERY IN PITUITARY TUMOUR. 
A. Field of L.E. showing depression and central defects. Periphery for 22. Retained area in lower 


outer quadrant for 535. Central scotomatous area too defective to be easily analysed. V. = „4. 
= ns months later V. §. Field normal for „35, and z4,, quadrant defect for 5,45 and small scotoma 
OF 3900: 


The field of R.E. showed a typical temporal hemianopia and recovered also very considerably, but not 
so much as L. Eighteen months later both fields were very defective and the patient ultimately 
became blind. 


Defect more severe in Jower outer " From a case of. suprasellar cyst. R.V. $. L.V. $. 
Objects 330. 330, and y red (nasal Qeldsonly). The hemianopic scotomata were defective for 7305 
and „69, (darker areas). Field for 33,1 eye omitted. 
+ 
upwards, and the tumour Ces more in a forward direction. Many intermediate 


and varying modes of wN occur, and, no doubt, account for the different degrees 
of prominence of \dotoma in individual cases and at different times in the 
same case. 
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Fic. 127.—BITEMPORAL HEMIANOPIA. ATYPICAL CONDITIONS. NERVE FIBRE BUNDLE DEFECTS. 
Objects 535, 340° gk red (dotted line). R.V. = §—. L.V. § —, acromegaly. 


B = ” 
hf 


| 260, 

| t Fie. 128.—BITEMPORAL H O IRREGULAR CHANGES ON LEFT SIDE, REGULAR ON RIGHT 

| O ITH Nerve FIBRE BUNDLE DEFECT. 

|| Objects R. Zn x40 N „4%, red (dotted line). L. sir sto- Scotoma, „aß 5995- RV. gy.’ 

| L.V. $. Same as EY . 123 four years previously. 

| Diagnosis.— e diagnosis of the presence and cause of interference with the 
i chiasma in wel@aon to morbid processes in its neighbourhood, the assistance afforded 
i by perime Of value chiefly in two groups of cases. Firstly, those in which visual 
| loss attr. e attention of the patient before other symptoms emerge. Such patients 
= appkXgaNhe ophthalmic surgeon and exhibit well-marked field changes, especially 
i cen , which frequently provide the first evidence of the true nature of the condition. 


Ex 
E © 
O 
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The perimetric evidence is of greater importance in those cases in which the radio- 
graphic examination is negative. Secondly, those in which symptoms suggestive of 
altered endocrine secretion or intracranial lesion have been found by the physician, 
and it is desired to know whether, and in what way, the visual path is affected. In 
these cases early field defects unnoticed by the patient may be found. Since the effect 
on the visual path is produced by actual contact cases of hypophysial enlargement do 
not show visual symptoms before they show sellar changes, though suprasellar growths 
produce visual defects at an early stage. The perimetric evidence here supplements 


Objects x35: z%b red (dotted line). R.V.$. L.V. nearly ,%,. Acromegaly not present. Wuration of 
symptoms six months. 


$ 2 : 5 : : 3 2 0 
Fie. 129.—BITEMPORAL HEMIANOPIA. IRREGULAR CHANGES IN LEFT FIELD, S 


the radiogram and gives a hint as to the extent to which O is elevated above 
the normal level of the diaphragma sellæ. 
For the clinician various questions arise :— K 
I. The localisation of the interference. 
(a) Localisation of the interference at_thè®fhiasma. 
(b) The part of the chiasma affecte 
II. The cause of the interference. 


(a) Tumour. Size, relation NE , rate of growth, nature. 
(b) Causes other than tumgaxg 
We may now examine the “eM which perimetric findings can help towards 
the solution of these problems. 
De site of the Interference 


(a) Localisation ag eens 


If changes ar N which suggest a temporal contraction care must be 
taken to ascertain IQ ue nature. It has already been pointed out that uniform 


+ 
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depression of the field produces an apparent temporal restriction owing to the less 
steep slope of the temporal side. A field change of this kind shows no evidence 


- of quadrant depression, and if thoroughly examined will show some concentric 


restriction of the nasal isopters also. In suspected cases, where there is no scotoma 
and the peripheral changes are slight or atypical, it is not possible to be sure 
that true bitemporal hemianopia is present unless the internal isopters show the 
characteristic temporal deflection, while at the same time they occupy their normal 
positions in the nasal field. The neglect of this criterion has led to the misinterpretation 
by some observers of field changes found in conditions such as nasal sinus disease and 
pregnancy. In more developed cases the field changes already described are quite 
definite, and no mistake can be made. It is evident that in order to establish the real 
nature of these field changes a wide range of visual angles must be used. The apparently 
normal parts of the field should be tested with angles ranging down to 295 (1:7’), and 
the apparently blind parts with angles up to #49, or larger if required. Colours may 
also be used in a similar way. This kind of examination always shows that the chiasmal 
fibres are much less severely blocked or much more widely affected than is indicated 
by a single test with a medium size of object, and it also removes any difficulty which 
may occasionally arise in the recognition of the bitemporal character of the field changes 
and enables misinterpretation to be avoided. 

In the earliest stages the field changes may be so slight as to offer difficulty in 
satisfactory demonstration. The statements of the patient wıth regard to the presence 
of a blur or mist, especially in connection with reading alang a line of print, indicate 
an exhaustive search for an explanation. No peripheral es may be demonstrable. 

The variation in perception in the different nts is very characteristic, 
though not always present in a high degree and onally absent or, at least, un- 
demonstrable. It is usually easily shown on tke\yckeen if two or three small white 
tests—sometimes only one—are used, or if arly elicited with white, a coloured 
object, preferably red, may be chosen. T ient will say that a red object appears 
red on one side of the field and yellow ther, or that it appears as white, yellow, 
pale red, and bright red in the quadra n the sequence already described if the case 
is typical and regular. In the we stages of the scotoma the object, although 
recognised as red in the apex of quadrant, appears of somewhat different shade 
or tint in the affected part. eo descriptions vary, such expressions as “ flame- 
like,” “ not so bright,” “ n istinct,” etc., being applied to the object as it traverses 
the depressed area. be referred to as the “ quadrant sign ” of a chiasmal 
lesion. The test sh e made quickly, and the patient’s first Impressions ascer- 
tained, for if thig-Foky)of examination is prolonged the colours become known and in 
weakly-marked Qgsg& no differencé may be perceived between the quadrants, or fatigue 
may cause,tle,colour field to shrink to minute dimensions. 

The Nr of typical bitemporal defects, whether central or peripheral, indicates 
a chias sion. The absence of such defects in cases in which a lesion, such as a 
tum in the neighbourhood of the chiasma is suspected on other grounds is no 
AN ication it merely shows that there is no interference with the chiasma. 


+ 
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Fic. 130.—BITEMPORAL HEMIANOPIA. SAME CASE As Fra. 129 THREE MONTHS LATER. CHANGING TO 
Homonymous DEFECT. 


Objects 335, 340 R.V. = 3%. L.V. = hand movements. The isthmus in left field is very dim for 525. 


8o 99 100 EN) 


7230 


300 I : 4 Q) 300% F = : - = 5 
eo oe O ame 
Fig. 131.—BITEMPORAL HEMIANOPIA TERMI Go: NYMOUSLY. SAME CASE As Fıcs. 129, 130 
FOU S LATER. 

Objects 345, 325. Some dim vision still ir > 
The discovery of a unilateral ee defect should always be followed by a minute 
examination of the oppositefi If the defect remains unilateral or develops into a 
homonymous BE eee evident that, although the lesion may be near the 


chiasma, this structure es affected. Since the changes in one field are always more 


ight temporal quadrant for 52, (dotted area). 


advanced than in th , it may be presumed that in the earliest stage one field only 
is affected, but ouN® 


> 
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ledge of the earliest field changes in chiasmal lesions is still 
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280 


Fic. 132.—BITEMPORAL HEMIANOPIA. REGULAR IN RIGHT FIELD, OBJECTS 3495, 335) 349- IRREGULAR 
CHANGES IN Lert FIELD, LARGE SCOTOMA BREAKING THROUGH DOWNWARDS AND OUTWARDS. 


Objects 335, 345. Symptoms one year. R.V., L.V. $. Acromegaly not present. 
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280 770 28 
Fra. yrr PORAL HEMIANOPIA. TYPE WITH LARGE SCOTOMA. 
Vs ah ovements in nasal field. Objects left, S2,, 34% ; right, 33%, 350 340 z000- 
rom 


R.V. = fi. 


Eight months’ mE) 


egaly not present. 


too incomplete t w such a conclusion to be regarded as established. It is probable 
that the eagl ection of one field is often due to the incidence of the interference 
being at o the junction of the chiasma with the nerve or tract rather than in the 
body of jasma. 


| N chiasmal tumour situated between the optic nerves may give rise to a 
uN 1 temporal hemianopia becoming bilateral later on, and we have seen that it 
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is possible that the absence of the temporal island may be indicative of a lesion in this 
situation. As already pointed out, the existence of pure tract bitemporal hemianopia 
from a postchiasmal lesion requires confirmation. 

(b) To what extent do the fields indicate the part of the chiasma affected ? 

If the view is accepted that the field changes are produced by obstruction of the 
circulation, it must be remembered that in the case of a tumour, for example, it is not 
the position of the tumour but the position of the damage to the circulation which is 
indicated. Factors such as the course and distribution of the vessels and the relation- 
ship of surrounding unyielding structures, as well as the position of the tumour, help 
to determine the actual site of the conduction interference. For this reason too much 
reliance should not be placed on inferences from the field changes as to the exact part 
of the chiasma involved, though on the whole they may be regarded as a trustworthy 
guide. 

Should the lesion lie more or less to one side, though still mainly medial in position, 
the defects. in the nasal field of the chiefly affected side will be more developed and 
more intense than in the nasal field of the opposite side, which may remain intact, 
the fields tending towards total loss on the side of the lesion with temporal hemianopia 
on the opposite side. A more posterior lesion affecting the beginning of one tract and 
the adjacent part of the chiasma would produce a similar field, but possibly without 
complete loss of the upper outer quadrant of the field on the side of the lesion, as some 
of the anterior crossing fibres might escape damage. Pure homonymous hemianopia 
is not produced by a lateral lesion of the chiasma, since both sets of crossi res are 
closely mingled with the direct fasciculus. A localised lateral lesion mighDe expected 
to cause atypical fields with diagonal quadrant loss. 

Bitemporal hemianopia which develops out of a unilateral te 
may be due to a lesion spreading from the inner side of one nerv 
beginning of one tract, to the chiasma. The field on the si 
become completely lost ; in the former case it is the fi Q 


hemianopia 
ossibly from the 
he lesion tends to 
inally affected, in the 


latter the changes appear first in the contralateral field, ness of one eye preceding 
the gradual onset of temporal hemianopia in the posite field indicates a lesion 
primarily involving the optic nerve and extending t chiasma or the opposite optic 


developing from an original homonymous opia, indicates a lesion originally 
affecting the tract on the side of the blind now well advanced into the chiasma. 
Unilateral nasal hemianopia EN er defects in either field depends on a 


lesion of the uncrossed fasciculus wher unmixed with crossed fibres, and, therefore, 
not in the body of the chiasma. n to such a defect a bitemporal hemianopia 
becomes added the lesion may he prfced at the outer side of the anterior angle of the 


chiasma on the side of the of I nasal hemianopia ; when the hemianopia becomes 
homonymous and is follow loss of the temporal field of the first affected side, the 
ar 


interference may be. pt ther back at the lateral aspect of the posterior angle of 
the chiasma on th N the original nasal defect. 
Binasal mi 
4? 
SD 


nerve. Blindness of one eye with survival in field only on the opposite side, 


would require the presence of two lateral lesions acting upon 
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the uncrossed fibres alone, and, therefore, in front of or behind the chiasma proper. 
It is really a theoretical field condition, ‘at least in anything approaching a pure state. 

When the lower quadrants fail early, producing a more or less regular horizontal 
hemianopia, pressure on the upper part of the visual path is suggested. This is, no 
doubt, due to the chiasma being forced upwards against resisting structures, such as 
the vessels of the circle of Willis, although more evidence on this point is required. 
Suprasellar tumours may sometimes extend over the upper surface of the chiasma and 
cause inferior field defects, but more commonly tip up its posterior edge and push it 
forwards producing field changes approximating to the regular type. 

As already pointed out, too much reliance should not be placed on inferences from 
the field changes alone as to the exact position of the tumour. Apart from such rare 
cases as that quoted by Wilbrand and Saenger, in which an occipital and an optic 
nerve lesion were present at the same time, and produced field defects resembling those 
due to chiasmal interference, the conditions found at operation or post-mortem often 
vary from what might have been expected from the evidence of the fields. The field 
changes may indicate that the chief incidence of the interference is at a certain point, 
but it by no means follows that the main mass of the tumour or inflammatory product 
is in that situation. A small knob-like excrescence may project against the chiasma 
or one of its limbs, though the tumour itself may be either comparatively small or 
extending in a different direction. This limitation does not mean that perimetry is an 
unreliable factor in this form of diagnosis; on the contrary, it is of the greatest value 
in supplementing, and often in correcting the information tained by other methods 
in conjunction with which it should always be employ S 


II. The cause of the Int ce 


The field changes which have been disg have been those due to chiasmal 
interference from tumour pressure, and, 4 shall see, other causes produce very 
similar visual effects. 

(a) Tumour. 

Pituitary or stalk growths age the most common, but any form of basal 
tumour may be present. The gröwth may be intrasellar or suprasellar, or it may 
originate from the dura on o pr the olivary eminence, or the swelling may be an 
aneurism of the circle of Ds Distention of the third ventricle due to internal 
hydrocephalus is also NE as a cause. The field changes in all are similar in 
character. Those EN hich follow the typical and regular sequence are, on the 
whole, suggestive asellar growth, the more atypical and aberrant field changes 
being more pe associated with suprasellar tumours or basal swellings uncon- 
nected bees ce en body. Tumours situated between the tracts indicate their 
position by, evelopment of bitemporal hemianopia from an original homonymous 
field cha nd may be infundibular cysts or extending pituitary adenomata. 

AA changes due to tumours are usually gradual in onset, but rapid or even 
su R is recorded. The defects are progressive, though fluctuation 
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in this respect is so common as to be almost characteristic, and when the tumour is 
small they tend to be slight, when large severe and lasting. 

Severe visual symptoms often indicate intracranial extension of the growth, and, 
therefore, a large tumour, whereas slight field changes do not necessarily indicate a 
small tumour, but may be the result of the slow growth of a relatively large swelling. 
It might be thought, for example, that blindness of one eye with commencing temporal 
hemianopia in the opposite field would be caused by quite a small lesion at one anterior 
angle of the chiasma, but reported cases have been due to large tumours with much 
distortion of the parts (Walker, Gordon Holmes). 

In the early stages the field changes indicate that the tumour has extended 
sufficiently to touch the visual path, and may be the only or almost the only 
evidence ; later on the presence of the tumour is usually clear, apart from perimetry, 
which provides supplementary information as to its growth and extent. 

The scotomatous type of field change is characteristic of activity of the lesion, 
and the non-scotomatous type of a slowly-growing or stationary condition. The extent 
and intensity of the scotoma vary with the aggressiveness of the tumour and may 
diminish during periods of less active growth, or when the incidence of the interference 
becomes altered as the structures ‘surrounding the tumour give way here and there 
and allow the nerve path to be temporarily spared. As there is no sharp division between 
slowly and rapidly growing tumours, the scotomatous and non-scotomatous types of 
field change are not separated by any hard and fast line. If a tumour grows sufficiently 
slowly, it may attain relatively large dimensions and cause considerable ies of 
the optic nerve, chiasma, and tracts, and yet produce only slight visual urbance. 

Difficulty in distinguishing the chiasmal scotoma from others Q rarely be 
encountered, especially if the whole field is examined. Its A 18 
usually easily shown by analysis and the areas of intensity Xe) ristic of tobacco 
amblyopia are absent. An isolated central or para-centra XÒ ma of quadrantic 
type with normal periphery is exceptional, if it ever ocg ann cases, though 
it has been reported in other conditions. 

As in other conditions the steep or gentle slope ER edge of the defect indicates 
the relatively stationary or active nature of the fi anges at that part, and the 
presence of proportion or disproportion providesggmilar indications. Signs of rapidity 
of growth suggest the more active types of ur, but may also be produced by 
cysts. The rapid or sudden appearance q Sorat hemianopia may be due to the 
formation of an aneurism near the chiast? o a hemorrhage into a pituitary tumour. 

- Improvement in the field changes indi@®p> that the nerve fibres have not been invaded 
by the growth, but pressed workers, Sudden improvement or alteration 
suggests a change in position go ato produce a lessened or new incidence of the 
pressure. Hard tumours pu de the structures, soft growths tend to envelop the 
chiasma and its limbs, ae herefore more likely to produce atypical field changes. 


(b) Causes other. umour. - 
Inflammatory ns and, in exceptional cases, injury produce field changes 
resembling those N by tumours, and it is one of the interesting features of 
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Fia. 134.—BITEMPORAL HEMIANOPIA. CHIASMAL INTERFERENCE WITHOUT TUMOUR. FEMALE, AGE 24. 


PRIMARY NERVE LESION. 


On the right side the optic nerve was evidently affected, and the scotoma was too dense to analyse. 
Objects 4, 33%» 345. The upper outer quadrant was very dim for 355. V. = gh eccentric. L. Periphery 
normal, central field only charted. Objects 5947 white, z89, red. V. = $. The dotted line encloses 
a strong area 
two weeks. 


for the red test. Note the quadrant scotoma. Duration: right eye unknown, left eye 


Fic. 135.—LEFT FIELD OF SAME CASE AS Fic. 134, ONE WEEK LATER. 


eft field has developed a large temporal scotoma with more intense central part. Objects 33» 


Ne 305.330. 704: 
N Ten days later. Periphery normal for 345, upper outer quadrant defect for 335 red. V.=?. 


V. = $. Right field showed no pronounced change. 
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Fic. 136.—SAamE CASE As 134, 135, FIVE WEEKS LATER THAN 134. 


Central field of left eye shows upper outer quadrant colour defect with quadrant scotoma. Objects 
330 Led; 300» zooo White. V. = 8. The large scotoma has disappeared. Right field shows large scotoma 
partly occupying nasal field. Objects 335, 345. V. = counting fingers at 1 m. 


Fıc. 137.—SAME 


V.= $. Remains of defect in le ld shown by „49, red (dotted line) with a small island for that 
test. Otherwise field was normak 5060 isopter only is shown. At this time, apart from a slight 
enlargement of the circumcecg bIyopic zone, the right field, originally the more severely affected 
(Fig. 134), had become quite nt nV. =, 


C.P: , (0) 
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bitemporal hemianopia that the typical sequence of the field changes may be pro- 
duced by these three different causes. 

Among these conditions syphilitic basal gummatous meningitis occupies a pro- 
minent position. Softenings, which may be minute and isolated, due to vascular 
obstruction usually of syphilitic origin, also occur, and have been found by Wilbrand 
and Saenger to be the cause of isolated central bitemporal hemianopic scotomata with 
normal peripheral fields. 

A primary nerve lesion similar to that which occurs in multiple sclerosis affecting 
the optic nerve—chiasmal retrobulbar neuritis—is occasionally found, and is probably 
much less uncommon than existing records show. The disease corresponds in age- and 
sex-incidence, and in onset and course, to acute retrobulbar neuritis. The field changes 
are characterised by pronounced central defects and relatively little peripheral dis- 
turbance. The defects are definitely chiasmal in type, the quadrant sign being usually 
well developed in the scotoma, and a tendency to fluctuate or “ wander,” to disappear 
from one part of the field and appear in an adjacent part, is stressed by Roenne. 

In diagnosis the chief conditions to be differentiated from this disease are pressure 
interference from whatever cause and syphilis. Only those tumours which cause no 
symptoms other than visual loss and headache, and no radiographic changes are likely 
to cause difficulty, and in this small group the persistence and increase of the symptoms 
and the progressive involvement of the peripheral fields are of assistance. In syphilitic 
cases the field defects may be gross and persistent, but recover under treatment unless 
the chiasma is permanently damaged by the gummatous pxocess. 

As in acute retrobulbar neuritis, the field defects i primary chiasmal lesion 
disappear more or less completely, and the prognosi rögards sight is excellent. 
Repeated perimetry shows that the process of reco ay go on for some time after 
the patient has ceased to notice any defect of coh) ison 

Other local inflammatory conditions, s Cy ubercle, are exceedingly rare. 

Bitemporal hemianopia has been atty to nasal sinus disease, but a close 
scrutiny of the published cases weake er than supports this view. 

In cases of fracture of the bas Ku) skull, bitemporal hemianopia in one of its 
stages may be found as soon as in can be examined, and may be due to direct 
or indirect damage to the chiasmaX\_Jt is noteworthy that in some of the cases complete 
bitemporal hemianopia with p edges, normal colour fields on the nasal side, and 
sparing of the fixation ar $ been recorded. In other cases the field conditions 
arise subsequently, aNG) ported by Liebrecht (153) typical field changes, includ- 
ing the temporal islang\ere present. These features show that the crossed fibres were 
not entirely des and suggest that the field changes were caused not purely by 
traumatic 2 the chiasma itself, but largely by damage to the membranes and 
blood-vessels@yllowed by cicatricial processes which produced interference with the 
nutrition nerve fibres. 

In ase of bitemporal hemianopia perimetry is obviously only one of the many 
so IN evidence upon which the diagnosis is based, and although the field changes 
NS so characteristic as to be almost pathognomonic, caution should be exercised 
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280 70 260 280 3% 70 7°? 
Fic. 138.—BITEMPORAL HEMIANOPIA. FEMALE, AGE 30. PRIMARY Nerve LESION. 


Objects 535, 347 3 34b red-dotted line. Red was also seen in the temporal island in the right field, and a 


relative temporal hemianopia was present for red in the left field. R.V. = Fingers at 3 m. L.V. = y- 


270 


N CHANGES. 

(1) August 7th, 1912, 439), z .= 7%. (2) August 9th, 335. V. = Fingers at3 m. (3) August 
10th, 5385, 545. V. = Fing . (4) August llth, 335. V.= Fingers at 4m. (5) August 12th, 
330 330 330: V. = Fimgtts & 4 m. (6) August 24th, field for 349, red (dotted line). Scotoma 4, 


white. V. = 4 N 


Fic. 139.—THE ScoToMA IN a" FIELD IN THE SAME CASE AS Frea. 138, SHOWING RAPID 
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280 775 260 280 770 260. 


Fic. 140.—SAME FIELDS As Fic. 138, NINE YEARS LATER. 


Traces of hemianopia still remain and in right field a minute temporo-central scotoma (not shown in 
figure). Objects 335, 340; obo zobos RV.» L.V., 1%. 


ORAL HEMIANOPIA IN LEFT FIELD, MOST PRONOUNCED IN LOWER OUTER 


QUADRAN SUSPICIOUS CONTRACTION OF THE 5,45 ISOPTER IN THE RIGHT. FEMALE, AGE 21. 


Objects : { > 2000 3000 > su red. R. 2800 3000: L.V. => 15» R.V. =z 8. Recovery in one 
month. but ces remaining. 
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before basing conclusions as to the nature of the lesion upon perimetry alone. In most | 
cases other evidence can be elicited, but in a few the visual changes form the only 
ascertainable deviation from normal. Symptoms of pituitary disturbance in association 
with bitemporal field changes do not necessarily point to pituitary tumour, nor does 
a normal sella turcica without pituitary disturbance exclude tumour in that neigh- 
bourhood. 

Prognosis.—The same indications which assist in forming the diagnosis, afford | 
some help in regard to prognosis and treatment. The natural tendency of the vision 
and of the field defects to fluctuate or alter in progress or behaviour should be remem- 
bered. The significance of the nature of the edge of the defect and of the presence 
of disproportion has been mentioned. Stationary or improving fields should not be 
regarded as indicating a similar condition of the tumour or attributed to the effects 
of treatment, other than surgical, without caution and delay. Nor is it necessary 
to infer from a history of progressive visual loss that this will increase ; it is from the 
character of the fields at any stage as well as from the mode of attainment of that 
stage that deductions as to further visual loss may be drawn. Rapid onset and 
progress of the field changes suggest a rapidly growing tumour and are often unfavour- 
able signs, but phases of this kind may alternate with periods of comparative or actual | 
quiescence. 

While some tumour cases terminate fatally within a few years or even less, in 
others the growth appears to become stationary, so that the patient may live and 
work with comparative comfort and facility for many years even though wi ly one 
useful eye. If there is still perception of large objects in the defective yar ts?of the 
fields, improvement may be expected after a successful operation. egards the 
position of the tumour and the possibility of its removal, we h 
indications are afforded by the field changes. Homonymous heyfi 
blindness of one eye with a temporal field defect in the o 
unfavourable signs, as they indicate a posterior or latera n of the growth. 

On the other hand, a change from bitemporal onymous hemianopia i 
indicates that an alteration in the relationship of ao to the chiasma has | 
occurred, and may initiate a long period of improv sion and useful life. It does 
not necessarily indicate cessation of growth of Ake tumour. The state of the fields 
has, therefore, a certain influence on the q n of the advisability of operation AA 
and on the precise procedure (frontal or phenoidal approach) best suited to 
each individual case. For these reas areful perimetric study should precede | 
the consideration of operation, and _t aracter of the fields should be included in | 
the evidence on which the co PR, and should be interpreted with care and 
deliberation, without, of course, eläfrfiing for it any predominant importance. | 

In the majority of EN improvement in the fields under appropriate 
treatment is to be OR d indicates a favourable prognosis, but secondary | 


processes of a cicatriaakMafure may cause serious and permanent damage, so that 
hopes based on =the vement may be disappointed. 
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CHAPTER XI 
THE SUPRACHIASMAL PATHWAY 


THE symptomatology of local disease implicating the visual path between the 
eye and the tracts, though not purely ophthalmic, is comparatively free from evidence 
of involvement of neighbouring nerve structures. Behind the chiasma the visual 
fibres become closely related to other nerve tracts and centres, and the diagnosis of 
the situation of lesions above this level becomes correspondingly dependent upon signs 
of interference with adjacent parts of the brain. 

Still more posteriorly after emergence from the internal capsule the visual path 
becomes less closely associated with nerve structures, interference with which gives 
rise to obvious symptoms, until in the occipital region lesions again often produce 
field defects unaccompanied by other symptoms. 

The extent of the suprachiasmal pathway and visual cortex, and their liability 
to damage, suggest that close examination of the symptoms produced should be of 
value for exact diagnosis, and in perimetry the means are at hand for measuring and 
recording functional impairment with considerable mie and accuracy. Although 
only one kind of field change, homonymous RS urs, a wide and still only 
partially explored field of usefulness exists for p ry which can not only give 
much information as to the nature of the involv of the visual path, but may also 
suggest lines along which further examinati uld be pursued. The importance 
of perimetry in this respect has been concha demonstrated by Uhthoff, Cushing 
and Walker, and others, yet its advan d possibilities do not yet seem to be as 
fully appreciated by physicians and (oy s as their value appears to warrant. 

The development of the fiel Ges may commence at an early stage before 
the appearance of diagnostic sO lising indications of other kinds, and may not 
attract the notice of the patjgnt™vhile in other cases visual symptoms are the first 
to which his attention is y The field changes may be the only evidence of disease 
present, or they may d during the course of the illness when their appearance 
marks a stage in it ess. In order to obtain the full advantages of perimetry, 
it is, therefore, nec to make the examination periodically and to watch for early 
signs, using AB) tests by the methods already described. A negative finding 
with a rough not only valueless, but may stand in the way of a more adequate 
investigatt In the perimetrie study, the onset, course and character of the 
hemiano orm important features, and afford guidance not less valuable than that 
proyide® Q its mere presence. 

À assistance afforded by perimetry forms an item in the evidence, upon which 


osis is based, the value of which, though less in some cases than in others, i8 
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always considerable, and, with further development, promises to become still more 
important. In discussing diagnosis, although the field changes only are referred to, 
it is not intended in any way to suggest that an unduly prominent position in the 
clinical picture should be assigned to them. 

The nomenclature of hemianopia has already been briefly considered (p. 52). 
That field defects due to lesions of the suprachiasmal path must be essentially 
homonymous in character, although the changes themselves may differ in the two 
fields in regard to their onset, position, extent or intensity, is evident on anatomical 
grounds. 

Homonymous hemianopic fields which are superimposable and identical, are 
congruous, those in which the defects are dissimilar are incongruous. Genuine 
incongruity on an anatomical basis has a certain diagnostic value, inasmuch as it 
may be found when the interference with the visual path occurs at a point where the 
fibres from corresponding retinal points, or minute areas according to Wilbrand, 
have not yet come together, that is to say, in the tract, at least in its lower part. 

A second variety of incongruity depends upon the normal difference in size 
between the nasal and temporal fields, the latter being the larger by a peripheral 
crescentic area corresponding to the unpaired part of the binocular field. A defect 
of suprachiasmal origin may ,therefore, be present in this part of one temporal field 
without being represented in the opposite nasal field, and constitutes a unilateral 
partial hemianopia in the form of a temporal crescent or, as it has been termed, the 
peripheral half moon (Behr, 14). On the other hand, this crescentic e may be 
preserved, while the remainder of the temporal field up to the verti 1edidian is 
defective, in association with the complete nasal field of the opposit (Fig. 153). 
It is evident that unilateral hemianopia of suprageniculate origin Mly be partial. 
As regards the anatomical basis, it is believed that the most mos fibres of the optic 
radiation correspond to the nasal periphery of the retina a minate in the most 
anterior part of the visual cortex, which is therefore geye§ted with crossed fibres 
only. It is possible that a lesion may involve—or mę ave—this cortical area or 
its fibres alone, but careful quantitative examination \ required to show the true nature 
of a defect which suggests this origin. O 

The dissimilarity may be due to errors of ohsgrvation. Even the most experienced 
observer, dealing with the most intelligent a etc subject, cannot always avoid 
a certain margin of error which is N to occur in relative hemianopia, 
unless a series of test objects is careful , since the field boundaries may not be at 
all well defined. Such errors may be@PgMly increased if the patient be tired or inatten- 
tive, or the observer hurried or Ta or if the technique employed be in any way 
unsound or inadequate. 

Other forms of income whose nature is not yet fully established have also 
been observed (see Roenn ; Wilbrand and Saenger, Bd. VII.). 

Sparing of the AY area, which has already been referred to in connection 
with chiasmal lesi N occurs in affections of the tracts and radiations, and is the 
rule in occipital IN opias. Itis less extensive, less complete, and more frequently 
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absent in subgeniculate than in suprageniculate, especially occipital, hemianopia. 
A rare form is the overshot field, in which the sparing is not only central, but extends 
along the whole vertical meridian. Explanations such as bifurcation of the macular 
fibres or bilateral cortical representation of each macular area do not seem acceptable.* 
The simplest view is that either the sparing is genuine, the nerve elements concerned 
having escaped injury or possessing more than one source of vascular supply, or it 
is merely apparent and due to a habit on the part of the patient of fixing slightly to 
one side of the fovea in order to obtain the best use of his central vision. This is 
probably not infrequently done by patients who have had hemianopia with a divided 
fixation area for some little time, and may be held to account for some of the narrow 
sparings of about half a degree, which are often found in chiasmal and tract hemianopia 
when carefully tested on the screen. Obliquity of the dividing line corresponds to the 
relationship of the true vertical meridian of the retina to the distribution of the crossed 
and uncrossed fasciculi. A spurious form may, of course, be produced if the patient’s 
head is not level during the test, and is associated with vertical displacement of the 
blind spot. 

In certain cases the defect may cross the middle line and invade the seeing half- 
field. This occurs in tract hemianopias when the chiasma or opposite tract, becomes 
involved, and occasionally in occipital lesions such as tumour or hemorrhage, by 
pressure on the opposite occipital lobe. Bilateral lesions may also occur, producing 
double hemianopia either simultaneous or in sequence, and the defect in one side of 
the binocular field may differ considerably from that in thether. 

Homonymous hemianopia may be relative or AN or the intensity may 
vary in different parts of the defect or at different ti he hemianopia may begin 
suddenly or gradually, and may remain perma nay may recover partially or 
completely. N 

Thus different combinations of severa 
intensity or position of the defect or defecte 
of many different field pietures all ess 


Q le factors, such as the extent, 
e two fields, lead to the production 
of homonymous hemianopic type, and 
all dependent on the anatomical pogiti d severity of the causal lesion or lesions. 
On these lines Wilbrand and ar Yes enumerated no less than thirty varieties 
of homonymous hemianopia. 

Without attempting to fo this plan, and with these few preliminary remarks, 
we may now proceed to ex © the chief features of the field changes produced by 
lesions in the different NER he suprachiasmal pathway. 


( O THE OPTIC TRACTS 


The trąctøs seldom the primary site of disease, probably on account of its small 
size and sł situation, but not infrequently becomes involved in or affected by 
disease adjacent parts. Of the conditions which affect the tracts in this way, 
the N Common are tumours, syphilitic processes, and multiple sclerosis ; others 


N 


* See Appendix III. 
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Fıg. 142.—HoMONYMOUS HEMIANOPIA FROM TRACT LESION. FEMALE, AGE 33; PITUITARY 
TUMOUR OF ABOUT Two YEARS’ DURATION. 
_ Objects R. 385, 3453 red 249, ; central field zorg white. L 330 3303 2000» 2000. Note pronounced 
incongruity with depression of retained half field of left eye. R.V., L.V. 8 + 


288 x5 250 

; Fig. 143.—SAME NN FOUR MONTHS LATER. 

i ght field, shown by slight depression for red 549, in 
ncreased central depression. R.V. $; L.V. 34 +. 
quaßlrant of the left field presented an arcuate defect from the 
ixation point and vision fell to „5. The right field remained 


the upper outer quadrant. The left fi 
Five months later the lower tempor 
blind spot to the field margin just below 


practically normal. A 


such as vascular changes yuries are less frequent or rare. The general features 
of tract hemianopia are f the bitemporal form, it is a subgeniculate homonymous 
hemianopia as oppose the geniculo-calcarine type. Such distinctive characteristics 
as occur are those N typical form due to the kind of lesion most common in the 
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tract neighbourhood, for it is evident that a complete division of one tract occurring 
suddenly will produce an absolute and total homonymous hemianopia without sparing 
of the fixation area, indistinguishable on purely perimetric grounds from a complete 
division of the suprachiasmal visual path at any other level. Restitution of the 
fixation area, however, dees not occur, and in any case a tract lesion of this kind is 
rare. As already indicated, and in agreement with the usual kind of causal lesion, 
tract hemianopia, in its typical form is incongruous, relative, incomplete and 
progressive, and only in its final stage complete and absolute. 

Diagnosis.—The patient may complain of visual symptoms and the hemianopia 
may be pronounced and obvious, or the case may be one in which, in the absence of 
any complaint on the part of the patient, the possible presence of hemianopia is sus- 


Fic. 144.—HoMoNYMOUS QUADRANT ab "N OPIA WITH SCOTOMA. FEMALE, AGE 36. 
Fields for 345, scotoma for 355. Peri D oMmal for „55. Sudden onset, complete recovery. 
b 


(Provisional diagnosis.) Primary nerve x Pultiple sclerosis type. 


pected. In the latter case a neg finding should only be accepted after a very 
thorough examination, using pgsual angles as small as 5,55 If necessary, as the early 
indications may be very slı ee intensity and confined to a small sector of the field. 

The next point N ine is the site of interference, whether sub- or supra- 


geniculate. 

When the o Nr the course progressive, and the edge of the defective 
area sloping, inkon DE between the two fields suggests a tract lesion, as a partial 
use, a suprageniculate lesion practically always presents defects similar 


in extent or Cae The appearance of indications of progressive involvement of 
one or b the primarily unaffected half fields is important as indicating extension 
to AN C Or or opposite tract, and thus locating the original interference in the 


N part of the tract. 
N e presence of a central hemianopic scotoma in homonymous hemianopia, 
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otherwise suggestive of tract lesion, supports this diagnosis, as such scotomata are 
very uncommon in suprageniculate hemianopias. Division of the fixation area occurs 
somewhat more frequently when the lesion is situated in the anterior than in the 
posterior part of the suprachiasmal path, but this feature alone cannot be relied upon 
as a localising symptom. 

Sudden and complete hemianopia, whether the fixation area is P or not, 


cannot be ascribed to a tract lesion on perimetric grounds. Similarly sudden but 
incomplete cases, especially if stationary, offer difficulty unless there is incongruity. 


As a rule in such cases the lesion may be presumed to be suprageniculate unless there 
is evidence to the contrary, and it is necessary to make sure of the nature of the 
incongruity by careful quantitative examination. Lesions of the posterior part of the 
tract cannot be located on perimetric evidence alone if unaccompanied by symptoms 
indicating the involvement of adjacent structures. 

The onset, course, and intensity of the defects, throw some light on the nature of 
the condition present, and are interpreted on the same principles as in the case of the 
chiasma. 

Tumour 

Tumours seldom originate in the tract itself, though sarcoma, gumma, tuber- 
culoma and cysticercus are recorded. Interference is usually due to a swelling in the 
neighbourhood, commonly hypophysial, more rarely connected with some other basal 
structure. The majority of such tumours lie between the tracts behind tha chiasma, 
though occasionally the outer side of a tract is compressed by a pituitar gement. 
Tumours of the temporal lobe affect the tract, first of all on the outer sig ressure, 


occasionally by invasion 

The interference may, therefore, come either from the inner aC QP outer side, and 
may affect the anterior or the posterior part of the tract. former case the 
chiasma may also become involved, in the latter the adjacep& hal ganglia and nerve 
paths. 
Owing to the fact that at this level the fibres ‘eS sponding retinal points 
have not yet completely come together, a sufficiently Mall lesion in one tract, especially 
in its anterior part, may affect one field only, a¥d)incongruity is common, indeed 
characteristic. A gradually encroaching BEN produce gradually increasing field 


defects 
Thus interference with the lower ond tract produces superior homonymous 
quadrant hemianopia in which the ea wx worse affected sector corresponds to the 


tract fasciculus, which is sooner g everely damaged. 

With the exception of its hoor nons character, tract hemianopia due to tumour 
resembles in its general feat e bitemporal form, so that by laterally reversing 
one field of an average case. emporal hemianopia we can produce a fairly charac- 
teristic example of the Gy mous type. The onset is usually gradual. The defect 
is relative at first, a Ss as a depression of one quadrant, often the upper outer, 
of the contra- Bahia SS , but may commence as a lateral failure. Its edge is sloping 

ally 


in the early, N steep in the later stages. One field may be affected before 


A? 
Ss 
AO 
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the other, and usually exhibits a more advanced degree of development. Progress 
may be slow or rapid, steady or fluctuating, but uniform and practically absolute 
visual failure in the affected half fields, as in occipital hemianopia, is rarely met with 
in the first instance, since it requires the complete interruption of the tract. Thus 
considerable disparity as regards the position, extent and intensity of the changes may 
exist between the two fields, and this incongruity in homonymous hemianopic fields is 
very suggestive of tract lesion. Finally, the homonymous half fields may be com- 
pletely obliterated, but before this stage is reached the field picture may become com- 
plicated by involvement of the chiasma or sometimes of the opposite tract. 
Scotomata, similar in character and behaviour to those of bitemporal hemianopia, 
also occur. The scotoma may occupy the apex of the most affected quadrant or may 


Fic. 145.—Homonymovus HEMIANOPIA, Inge IS, REFERABLE TO TRACT INTERFERENCE ; 
NEUROLOGICAL DIA IOUR OF MIDBRAIN. 


Objects 3%, 335: zogo. B-V- & x 1%. Fixation area divided for small object. 


appear to be more or less indep of the peripheral field changes, and may be 
relative or absolute. 

The fixation area is spa 
the tract is totally destr 


© a greater or less extent unless the conductivity of 
a central scotoma is present. The sparing may be 
relative, that is, DENN arge objects, absent for small objects or colours. 

We have see e involvement of the anterior part of the tract by a lesion 
primarily affectirlg the chiasma is indicated by the development of the homonymous 
type of hemiayppi%in addition to or in place of a previous bitemporal type. In the 
former case ess of the eye on the side of the affected tract with temporal hemia- 
nopia in t her field results, a significant though not pathognomonic indication, 
since tinay also result from multiple lesions. Accurate diagnosis requires that the 
de Sn of the process should be watched by periodic examinations. The 
r N vent of a bitemporal by a homonymous defect strongly suggests a tumour which 
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is obtaining room by extending backwards into the interpeduneular space, thereby 
relieving the pressure on the chiasma. 


Interference with both tracts is nearly always due to a tumour lying between 


Cyst in lower part of right temporal lobe. Incongruous hemianopic defects on side of field opposite 
lesion. Cushing. Brain, Vol. 44, 1921. 
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Fic. 1:65 CHANGES IN TUMOUR OF TEMPORAL LOBE. 
Gliomatous cyst in up N: of right temporal lobe. Cushing. Brain, Vol. 44, 1921. 


them or to syphilis, TO already been referred to in connection with bitemporal 
ually a relatively late development, it produces a defect in 


hemianopia. As UAN 
the hitherto A temporal field in an already well-developed homonymous 
I 
. N 
ay 
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hemianopia leading to blindness of one eye with temporal hemianopia in the other, and 
ultimately to complete blindness. Bilateral tract interference without chiasmal 
involvement is rare, if it ever occurs. 

When the interference is on the outer side of the tract as in temporal lobe 
tumours, the defect appears in the nasal field of the eye on the side of the lesion. For 
detailed charts of the field changes in temporal lobe lesions, we are indebted to 
Cushing, who, however, interprets the defects as indicating interference with the optic 
radiations.* The fields present the characters of tract hemianopia. As in the case of 
commencing bitemporal hemianopia from pituitary tumour, the earliest change may be 
demonstrable in the central part of the field, while the periphery is still apparently 
normal. In its early stages the hemianopia is partial and incongruous, with the 
greater defect usually on the side of the lesion, has sloping margins, and tends to 
recover if the pressure can be relieved. Later it becomes complete with ultimate 
division of the fixation area, and, in the final stages, the hemianopic features may be 
swamped by the general visual loss due to secondary optic atrophy. Hemianopie 
central scotoma is evidently rare, probably owing to the usual gradual incidence of the 
pressure as these tumours tend to grow slowly. Where the lesion is high the field 
defect appears first in the lower quadrant and vice versä. 


Multiple Sclerosis 


The lesions of multiple sclerosis affect the tracts in the same way as the optic 
nerves or chiasma and produce field changes which rese in behaviour those of 
ordinary acute retrobulbar neuritis. Homonymous a ic defects, varying in 
extent from small hemianopic central scotomata to t S of a quadrant or half the 
field, occur, and central vision is involved. CombaQa‘wons of different forms may be 
found. Apart from their hemianopic charact se field changes do not differ in 
onset or course from those described under n Ale sclerosis affecting other parts of 
visual path, and the diagnosis and progng ased upon the considerations already 
discussed. A sudden or rapidly de o homonymous quadrant defect, for 
example, may be difficult to explain Agfirst, but if it occurs in a young woman and soon 
disappears, multiple sclerosis or a 1@y ry nerve lesion is strongly suggested. 


Q Syphilis 


The neighbourhoo tracranial portions of the optic nerves and chiasma 
is a favourite site for {tous meningitis. An isolated tract lesion of this kind is 
rare, more often t sma and one or more of the cranial nerves in the neighbour- 


hood are also inv&lvefl. The field changes resemble those caused by tumour, but, as 
in bitemporal mianopia from syphilis, tend to be more sudden in onset and associated 
with more r nd greater fluctuations both in extent and intensity than occur in 
tumour ca The prognosis is fairly good if the correct diagnosis is made at an early 
I in this respect perimetry can be of some assistance. Softenings due to 


* See Appendix III. 
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syphilitic or other vascular disease occur, but are not common. The defects 
produced are permanent. 


THE GENICULO-CALCARINE PATHWAY 


At and above the level of the external geniculate body homonymous hemianopia 
of geniculo-calcarine type is produced by any interference with the visual path. 
Within the limits of the affected half fields the defects may vary greatly in respect of 
position, shape, size, and intensity, but, with the exception of the temporal crescent, 
are always congruous and simultaneous. In other words, a suprageniculate field 
defect is a single defect of the binocular field. The onset may be sudden or gradual, 
the course mobile or stationary, and the duration temporary or permanent. These 
variations reflect the nature of the causal lesion, and we may regard as typical of 
geniculo-calcarine hemianopia the field changes commonly produced by occipital 
vascular obstruction, sudden in onset, stationary and often complete and absolute, or 
showing more or less recovery, congruous and with well-marked sparing of the fixation 
area, in contradistinction to the gradual, progressive, uneven, incongruous subgenicu- 
late type. In the anterior part of its course the visual fibres are closely related to other 
nerve tracts, so that hemianopia due to lesions of this portion forms one of several 
symptoms of nerve interference. Behind the level of the post-central convolution 
hemianopia, especially left hemianopia, may occur as an isolated symptom, and may 
be due to damage to the optic radiation or visual cortex. Apart from ciated 
symptoms, no special perimetric features can be relied upon to distinguis 1anopia 
due to a lesion of the optic radiation from one depending on an affectio e cortex 
or to indicate the level at which the radiation is involved. It has b und by Lenz 
that sparing of the fixation area is less common the more anterior t ston, an observa- 
tion which indicates the greater liability of the optic radiatio omplete obstruc- 
tion where it is most concentrated. For the most part, th re, the determination 
of the site of the interference depends on the presence ro) e of associated symp- 
toms. Moreover, hemianopia as an isolated symptom4 sorely due to a lesion of the 
optic radiation, and so frequently to one of the occipg ortex, or rather of the cortex 
plus the subcortical white matter, that the lesioy maybe supposed to be in the latter 
position unless there is some evidence, such as ae to indicate the former. 


In another respect the diagnosis is mo ple. Since the fibres preserve their 
relative positions all along the visual y NY the cortical retina the relative level of 
the lesion in the vertical plane can be os determined by referring to the anatomical 


arrangement. (C) - 
From the onset, course and in ty of the field defects, something can be learned 


of the nature of the causal Re The most common causes are vascular changes, 
e 


tumours and abscesses whig ither by interfering with the nutrition of the nerve 
elements to a greater oy AOM or by destroying them. In the former case func- 
tion is impaired, but AN manently abrogated ; in the latter absolute and permanent 
functional loss ensu N When the onset is sudden the causation is usually vascular, 


ee 
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280 3797-260 


Fig. 148.—Homonymous HEMIANOPIA FROM TUMOUR OF RIGHT HEMISPHERE. MALE, AGE 50. 


Objects 335: 3060» zoo. Slight incongruity for large object possibly due to somewhat sloping edge of 
defect. Fixation area spared for syo: not for zn. Enlargement of blind spot. V.R.andL. $. 


QC Ee FIELDS AS IN Fic. 148 A FORTNIGHT LATER. 

Clean gut hemiangpig WIth sparing of fixation area for 535, not for sgg- Depression of sgyo field. 

Blind spot fur ie R.V.; L.V. &. 

and may be due‘té thrombosis, hemorrhage or embolism. Frequently the defect is 

severe at here may be initial blindness) and improves to a certain extent, the 

permane ld change representing the amount of destruction. If the defect is 

relatay. sudden, it is evident that nutrition is impaired, but not shut off, and such 
Sess ascribed to the occurrence of hemorrhage, which presses upon but does 

olve the visual path, or to angiospasm. Angiospasm is regarded as the cause 


REE RN sn er SS e 1 o 


e A I nn M | a 
rr o R : 


THE SUPRACHIASMAL PATHWAY 209 


of the recurrent temporary hemianopia in migraine, and may ultimately, or even on 
the first occasion, give rise to a permanent complete hemianopia. 

When the onset is gradual and the course progressive, tumour or abscess is indi- 
cated, and the position, extent, intensity and course of the field changes reflect the 
same features in the lesion. As the brain accommodates itself to some extent to dis- 
tortion from a tumour, especially if slow-growing, the swelling may reach a consider- 
able size, depending on its situation, before field changes are produced, which for this 
reason may be a relatively late symptom when the visual pathway is not primarily 
involved. It is evident that the more carefully the fields are tested with small visual 
angles in the early stages of suspected cases, the sooner will the presence of field changes 
be detected. 


The External Geniculate Body 


Isolated lesions confined to this ganglion are as yet unrecorded, and as far as is 
known no distinctive perimetric signs are produced. Syphilis, softenings, hemorrhages 
and tumours affecting the neighbouring structures may involve this part of the nerve 
path directly or indirectly. The upper part of the ganglion, being nearer the common 
site of hemorrhages, is more exposed to permanent damage. 

Homonymous hemianopia is produced corresponding to the extent of the inter- 
ference with conduction. The defect may be complete at first, resolving later into 
an inferior quadrant hemianopia as the lower portion of the ou path becomes 
relieved from pressure. Since the termination of the tract or the beginning Ro) optic 
radiations may be also affected, it is not possible to diagnose interfer aw th the 
geniculate body alone during life, though a lesion of the visual path HY near the 
posterior part of the internal capsule may be indicated. 


xO 

Lesions of the internal capsule, especially if a O) duce hemianopia with 
associated symptoms of sensorimotor interference. 

Affections of the parietal lobe, if low ch aiy cause homonymous defects 
varying from impairment of the inferior quadra complete hemianopia. Rela- 
tive homonymous hemianopia affecting the fix area sufficiently to interfere with 
reading and existing for six months before Berre of other symptoms has been 
recorded by Throckmorton in a case of rot the parietal lobe, and other similar 


cases have been observed. 
Swellings of the temporal op tumour or-abscess involve the visual path 


by pressure on the tract or, if sufficla#y deep and extensive, on the external geniculate 


body or the optic radiation atGeynear its beginning. Homonymous field defects are 
very common and of great in diagnosis. Tract interference from this cause has 
already been referred tg “ould appear to be the usual form of visual interference. 
Suprageniculate BEANS due to a lesion in this area presents no special perimetric 
features. 


— 
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Fic. 150.—Riaut LOWER QUADRANT HOMONYMOUS HEMIANOPIA DUE TO TUMOUR (MENINGIOMA) INVOLV- 
ING POSTERIOR TEMPORAL AND LOWER PARIETAL AREAS OF LEFT SIDE COMPRESSING THE OPTIC 
RADIATIONS. 


Illustrating a large tumour producing field changes, of which the patient was quite unaware, as almost 
the only sign. Immediately before operation, nine days later, transient complete hemianopia developed. 
Objects 3855 340 zogo blind spot 5595. V.R.andL.$ plus. The other signs were slight aphasia, occasional 
facial spasms, and choked discs. 
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Fic. 152.—THE SAME FIELDS AS IN FIG. 150 ELEVEN WEEKS AFTER REMOVAL OF TUMOUR: RELATIVE 
HoMOoNYMoUs HEMIANOPIA. 


Blind spots much smaller. Objects #2, 3 In 3000 
A year later fields reported normal: V. &. 


AGE 24. 


Fig. 153.—HoMoNnYMmous er} TH TEMPORAL CRESCENT OR “ HALF Moon.” FEMALE, 


The fibres of the optic radiation 
corresponding to the re ©; the field have been partially spared. The obliquity of the upper part 


of the dividing line in N ld was not explained. 


Tumour one au a vu o symptoms ORDER than headache, choked discs and hemianopia. 
Objects 385, 3403 sabo- Ko ” found with 3%, not with 58,. 


11 
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Posterior to this region the optic radiation alone is not frequently affected, but this 

may apparently occur in some cases of injury. In the occipital lobe both the cortex 
and the subjacent white matter are commonly involved together unless the lesion be 
minute. Frequently the lesion is extensive and the hemianopia complete with sparing 
| of the fixation area. In incomplete examples due to cortical damage the defects are 
more peripheral when the lesion is in the anterior part of the cortical visual area, and 
i | more central the nearer it is to the occipital pole. Homonymous quadrant defects 
are referable to damage to the upper or lower lip of the calcarine fissure or to the 
upper or lower segment of the radiation. Holmes (117), has pointed out that the 
N remarkably clean cut horizontal margin of such defects in injuries of the radiations 
indicates the possibility that the fibres corresponding to the upper and lower retinal 
quadrants may be separated by an anatomical interval, a view supported by Roenne 
a (225), who thinks that such an interval exists and is occupied by the macular fibres. 
There is also evidence (Holmes) that the field along the vertical meridian corresponds 
a | to the superficial part of the visual cortex, while the part along the horizontal meridian 
n corresponds to the bottom of the calcarine fissure. 
i Only a narrow sector in each field may be affected or a quadrant or rather more, 
i | the defects differing from complete hemianopia only in extent. Sometimes the 
| | unpaired portion of the temporal field is intact or only relatively impaired, indicating 
| 


that the lesion does not involve the most mesial fibres of the radiation or, if cortical, 
does not extend to the anterior limit of the visual area. 


i G.454.—Homonymous HEMIANOPIA FROM VASCULAR DISEASE. 


Durationsene day ; sudden onset ; no other symptoms. Male, age 64. V.R. and L. $. Unusually 
large s Gay in central region. Object 335. 


| Th o form of field defect is pathognomic of a cortical lesion the presence of 
I sm Qe tral hemianopic scotomata is very suggestive of cortical or subcortical 
| ~ if they occur suddenly in otherwise normal fields and without other symptoms. | 
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200 270 260 


Fig. 155.—SAME FIELDS As Fic, 154, FOUR DAYS LATER, SHOWING PARTIAL RECOVERY OF A 
QUADRANT. 


270 
Fic. 156.—SAME FIELDS AS te SIX DAYS LATER. 
Recovery of PB, field with quadrantic $ V drant defect in nasal field. Objects 2%; 


340. Scotoma $d. 


Minute hemianopic defects of „ce may occur anywhere in the fields, but if peri- 
pheral are unlikely to be detecG@yas they do not attract attention. They are usually 
isolated, but may be associe th areas of less intense defect, and the fixation area is 
involved in most cases An ly by anarrow tongue. Such scotomata are attributed 
to obstruction of a s ssel in the tip of the occipital lobe after it has left the pial 
anastomosis and Ne cortex. As the suprachiasmal path is more spread out 
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Fic. 157.—HEMIANOPIC QUADRANT SCOTOMA IN VASCULAR DISEASE. FEMALE, AGE 70. 


Fixation area spared on each side. Objects 330» 330: There was nuclear cataract in the left eye, which 
caused the field to appear contracted. R.V.$. L.V. counting fingers at 1 m. 


Fic. 158.—CEwN oe QUADRANTIC SCOTOMATA REFERABLE TO MINUTE 
ZESIONS IN LEFT MACULAR CORTEX. 


V.R. and L. $ EN; for 57%, normal in extent. Scotomata almost absolute. 


at this part ew other minute isolated non-progressive defects of this type are 


more likely t¢ produced by lesions here than at a lower level. 
In ogesW%l hemianopias of vascular origin sparing of the fixation area is almost 
consta hi is more extensive and more complete than in subgeniculate hemianopia. 


T NY d area is usually less than 5° in extent but may be more, and has been found 
nally to extend upwards or downwards or in both directions along the vertical 
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meridian for some distance merging into the overshot field, which attains its fullest 
expression in exceptional cases where the sparing extends to the periphery both above 
and below. The boundary for colour conforms nearly always to that for white. Some- 
times the sparing is not present at first, but appears in a few days. The most probable 
explanation is the double vascular supply of the tip of the occipital lobe, but the 
possibility of an error of observation should not be forgotten and the exact conditions 
should be worked out on the screen. 

Double homonymous hemianopia is usually due to lesions of the cortex or radia- 
tions produced by vascular disease or injury. In cases due to hemorrhage or obstruc- 


| Le) Se) RICHT 


Fre. 159.—OccIPITAL INJURY (SHELL FRAGMENT). LOM INFERIOR HEMIANOPIC 
QUADRANT SCOTOMATA. © N HOLMES. 


tion the two sides may be affected in seque D rarely, simultaneously. Frequently 
only a minute central field remains EN“ ing to the bilateral sparing of the fixa- 
tion area. In about a quarter of t es (Lenz) complete blindness remains. In 
others the most varied field ne sult, as all degrees of incomplete or relative 
defect may be produced on the twos#fdes in different combinations. 

These differences when nt enable fields of this kind to be split up by analysis 
into two hemianopias shogys their true nature even when only very small central 
fields are present. 

Double homon AN hemianopic central scotomata without peripheral changes 
have not been reco 
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Fic. 160.—Insvu IP oF RIGHT OCCIPITAL LOBE. LEFT HEMIANOPIC 
C 


QUADRANT SCOTOMATA. GORDON HOLMES. 


War injuries a a fruitful source of bilateral hemianopias, and much of 
our knowledge “a occipital visual centre has been derived from the study of the 
fields in occi Se The relation of the field defects to the anatomical position 
of the inju ery exact. Transverse bullet wounds frequently produce horizontal 
hemiangasiue to damage to the visual area or its fibres on each side, a bilateral 
qu hemianopia. The lower fields are nearly always affected as transverse 
AN involving the lower part of the visual area are usually fatal owing to 
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V.R. anD L. ;5. GORDON HOLM 


O 


the proximity of the large blood sinuses. OQ e transverse wounds produce field 

changes similarly corresponding to the par he visual area destroyed. 
Homonymous hemianopia, whethagkM%gfe or double, resulting from injury to the 

occipital lobes is much more cone) sociated with involvement of the fixation 


area than when it is due to vasculér ase. 
The usual cause of occipital janopia is softening due to arterial obstruction. 


As in migraine this may bee an and due to angiospasm. Hemorrhage is less 
common here than more a rly. When complete blindness resolving into homony- 
mous hemianopia ocgu fmorrhage is suggested, the initial disturbance having 
affected the opposit l centre by pressure. A tumour in the occipital lobe may 
produce hemianopiN n isolated symptom. Growths may affect both visual centres 


Fic. 161.—DESTRUCTION oF DORSAL PORTIONS OF OPTIC K TIONS OF BOTH SIDES. 
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RIGHT 


Fic. 162.—INnJURY to LOWER PORTION OF OrrIG © V.R. AND L. $ 
QORDON XO 


by extension or pressure, so that blindness Oping out of hemianopia suggests this 
form of lesion. ee 
' Homonymous hemianopia was ` hthoff in 9 per cent. of abscesses of the 
cerebrum, more than half of which po in the occipital lobe. 
The prognosis as to recovery &yhproved if it is found that field areas previously 


blind begin to obtain vision errs and large objects.‘ Recovery commences in a 
part of the field which Z ds to the periphery of the lesion and colour vision is 


the last to be restored. N 


D 


CHAPTER XII 


FUNCTIONAL CHANGES IN THE FIELD OF VISION 


FreLD changes which are functional are those which are caused not by organic 
lesions of the oculo-calcarine visual path, but by disordered or inefficient action of 
parts of the brain at a much higher level. The interference is with the will of the 
patient, and such functions as perception, appreciation, attention, and response are 
involved ; in other words, it is the patient who is at fault, and not his visual mechanism. 
The characters of field changes produced by this kind of interference will therefore 
reflect the features of a disordered psyche, and not those of the anatomical structure of 
the visual path or of the organic lesions which may affect it. 

Functional field changes may be divided into those which are manifestations of 
what is known as neurasthenia and those associated with what is called hysteria, terms 
which faute de mieux for practical purposes satisfactorily indicate two sufficiently 
characteristic symptom groups. While pronounced examples are typical of one condi- 
tion or the other, doubtful or border-line cases are common, and hysterics are often 
neurasthenic, while neurasthenics are always suggestible. 

In whatever way produced, the visual symptoms, though presentie: or less 
distinctive features, exhibit peculiarities, inconsistencies, and og »Dilities of a 
broadly similar nature which only require to be discovered to cognised. In 
addition, there may be an element of wilful simulation on the Q the subject, by 


which field changes of similar character may be imitated, e possibility of the 
coexistence of an organic lesion of the visual path should r forgotten. 
These functional field changes depend upon sugg Xand this in its turn may 


be due to some injury, slight or severe, or to the regylte# illness or overstrain, or to 
some mental impression. The manner in which a A examination is carried out, 
the method used, and the personality and attituhdor the perimetrist are factors of 
great importance. If the examination is und@faken in order to demonstrate a certain 
field change the quest is not unlikely to worst This aspect of perimetry has 
been clearly indicated by Roenne, wh oy =“ [tis a peculiarity of perimetry that its 
outward technique is so simple as a N to make no demand, but to be feasible 
for the least experienced assistaytoNgJclinic, and yet of all ophthalmic examinations 
it is perhaps the one which in reality requires the most experience and detachment.” 

The perimetrist must Eyre be thoroughly alive to the possibility of producing 
functional defects. N 

The most commonðagtional field defects are general depression and concentric 
contraction, revergahawhe colour fields (the blue field lying within the red) or interlac- 
ing of their oun and some forms of ring scotoma. 
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| An interesting manifestation, which occasionally develops when colour tests are 
| being used, is the naming of a colour by its complementary when it is dimly or doubt- 
fully seen. Thus red is called red in field areas where it is well seen ; in adjoining areas 
I where the red colour is doubtful the response of green is given by the patient. This 
| _ phenomenon may also arise where there is an organic lesion such as tabes or tobacco 
| amblyopia, and is probably due merely to over-anxiety on the part of the patient to 
| reply correctly. 

Hemianopic defects are rare, but may be found in patients who have in some way 
learned about such conditions : scotomata other than ring scotomata have only excep- 
| tionally been reported. I have produced a blind spot correct as to size, shape and 
distance from the fixation point on the nasal side of the field in a patient in whom I had 


Fic. 163.—FUNCTIONAL FIELD CHANGES. ST XS AND INTERLACING FIELDS IN A 
Nervrotic E ATIENT. 


1 5 
Objects 585; 340- 


| immediately beforehand demonstrated%he true blind spot on the other side of the same 
| field. The suggested defect disapp very rapidly. 
These changes occur Bros with some modifications, in neurasthenic and 


l hysterical conditions, and no and fast line between the two can be drawn. When 
| perimetric findings suggagt functional element is present, repeated tests should 
| be made. Care must N n not to mistake the effects of mere nervousness, anxiety, 
| or misunderstanding De nature and object of the test for actual field changes. A 
| little time to enaÑe fhe patient to feel at ease and gain confidence often enlarges 
| fields at first I y contracted. 

| Slight o rate depression of the fields may also be due to impaired cerebra- 
| tion depe OS, physical enfeeblement or disease, such as cerebral arterio-sclerosis. 
| Field & of this type may be encountered when the examination makes relatively 
co. ands upon the faculties of the patient, as, for example, when certain elderly 


oS 
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patients are tested with small visual angles. The possibility of this causation should 
be borne in mind, and such changes should not be confused with the effects of psychical 
disorder on the one hand or those of disease of the peripheral visual path on the 
other. | 

Neurasthenia 


In neurasthenia or anxiety neurosis or traumatic neurosis the fields are charac- 
terised by instability and exhaustion. The field usually appears somewhat contracted 
to begin with, and during the examination it soon shrinks, and if the test be recom- 
menced with a much larger object the field may be a little wider at first, but rapidly 
contracts again. Thus, if the test object is moved radially and centripetally in suc- 
cessive meridians, continuing the process until a constant result is obtained for each 
meridian, a contracting or inward spiral is produced on the chart terminating in a more 


> 
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Fic. 164.—SPIRAL FIELDS. WAR NEURASTHENIA. CONTRACTING O 


or less small central field. If the two opposite ends GF vertical and horizontal 
meridians be tested and then the ends of the el eridians (45° and 135°), and 
the eight resulting points joined, the figure on the ®) resembles a four-pointed star. 
Or the ends of a single meridian, the horizontal preference, may be successively 
tested when it will be found that the limits a J side become more restricted at each 


trial. 

It is characteristic that when on or been tested to the limit of reduction 
‚the field of the other eye will be fou N e already contracted, and this may be veri- 
fied on a subsequent occasion by er the fields in the reverse order. 

The classical “ exhaustion ” Ww fatigue ” fields and “ oscillating ” fields belong 
to the same group of phene ‚and have in themselves no special value or signifi- 
cance apart from the indgtaSon of functional disturbance which they afford. The 
oscillating variety, in, v he test object appears and disappears at intervals along 
the various meridj ay be elicited in a more elaborated form as multiple con- 
centric ring scotonN®. This might almost be compared to a stammering of percep- 
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tion and occurs always at the periphery of the field (whether contracted or not), never 
in the central area. 

|) Ihe extent of the field may be enlarged by stimulating the patient to try hard 
| and by other suggestive measures, so that an expanding instead of a contracting spiral 
may be produced. These contrary spirals were noted by Fuchs in 1900, and have been 
| | noted by other observers more recently. Hurst and Symns point out that they can be 
| produced by moving the test object centrifugally. Von Reuss found the spirals more 
easily elicited with white than with colour and found blue the best colour for the pur- 
pose. 

In neurasthenia the patient is partially suggested, and the field changes are 
mobile and alter during examination. The evidence of expanding spirals, and of the 
I result of testing one field upon the field of the other eye, shows that there is no retinal 
il fatigue and that the symptoms have a central origin. 

Many neurasthenics, especially those with traumatic neurosis, are very suggestible 
and subconsciously, if not also to some extent consciously, anxious to display some 
|| kınd of defect or peculiarity in response to every form of examination. 

Fields of this type, though less pronounced in degree, are not infrequently found 

in patients who are in any way enfeebled or “ run down ” without being definitely 
neurasthenic in the sense usually understood. 
1 The estimation of the degree of neurasthenia present by the rapidity and amount 
| of the contraction has been suggested by Healy, and Cridland has proposed to use 
| -~ similar means to gauge the completeness of recovery in g of miner’s nystagmus 
| after the disappearance of the objective symptoms. In bDwtAcages, however, the results 
| obtained will depend to a considerable extent on the pep lity of the examiner. 


Hysteria X 


ii The typical field change found by ordner examination is concentric 
i | contraction, which remains more or less u © in extent when examined at different 
ieM. 


| | distances or with objects of different si e field is, therefore, tubular in type, a‘ 
form which is necessarily of subj u The defect is present when the examina- 
ii tion begins, and is usually constafN®hile the test is proceeding, unless altered by 
suggestion, but tends to vary copsiderably on different occasions. Although the fields 
may be extremely contracted al vision is often good, or, in other cases, any degree 
of amblyopia may be pres When no determining cause can be discovered, as is 
i often the case in femal ts, the contraction is usually bilateral and symmetrical. 
N When one eye has be yured the extent and intensity of the defect may be different 
in the two fields. ious hemianopia may be present, the patient being convinced 

that he must be b towards the side of the real or supposed defect. The fact that. 
compensatio 2. for the loss of an eye often impresses a subject (e.g., workman) 
| that there e a defect towards that side, as he argues that he is not being paid 

| ERS for nothing. The binocular field may be affected, although one uniocu- 


lar dearly or quite intact (e.g., homonymous hemianopia binocularly with intact 
| I ne side when tested alone). 

E > 
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The extent of the contraction varies, but is usually considerable and often 
extreme, so that the field covers only some 10 to 80°. The edge of the field is very 
steep, and enlarging the test object does not increase its extent more than a little if at 
all. The patient may be very definite about this feature, and may say that only half 
of a large object, such as the hand or a sheet of Bl paper, is seen when it is held 
at the alleged boundary. 

The fields in hysteria present evidence of more complete suggestion than in 
neurasthenia, and, as Roenne, Hurst and Symns and others have pointed out, there 
is no characteristic perimetric sign, the changes resulting from the patient’s imagina- 
tion together with the method of examination. 

The following cases are typical examples :— 

I.—Mrs. C. G., age 25, married three years, no children. Four weeks previously 
headaches and bad vision which have continued. Examination disclosed no objective 
signs of disease of any kind. Pronounced tenderness on pressure was found over both 
eyeballs ; vision varied from § to 4% on different occasions. Both fields were 
greatly contracted: At 330 mm. with 80 mm. object field about 30° ; with 60 mm. 
about 35°, this object coming bit by bit into sight as it crossed the field limit ; 
an effort at suggestion then increased the 30 mm. field to about 45°, and subse- 
quently the 60 mm. field was found to be even smaller than before. On the 
screen at 2,000 mm. a sheet of paper, about 10 inches square, was not seen until 
within 20° of the fixation point. No loss of orientation. In this case no cause 
could be discovered. N 

IL.—Mr. W. L. complains of a mist before his right eye since an a to the 
cheek just below the eye three years previously. Both eyes quite nor objectively. 
Vision: left eye $, field normal ; right eye, hand movements clos ce, field much 
restricted for large objects. The binocular field showed right KO pia. Suggestion 
was successful in producing complete cure in about ten min 

Diagnosis.—It is essential that the perimetrist spad be familiar with func- 
tional field defects and able to recognise them. The Sasıly produced both in 
normal and pathological conditions, and are often mi%aken for genuine evidence of the 
presence of organic lesions. The best method for tfeytudent of perimetry is to devote 
a little time with a susceptible subject to pyagtiSing the production of such field 
changes by the use of suggestion. He wil appreciate the ease with which he 
_ may slip into or avoid pitfalls of this kin egard to a subject of this nature, it is 
impossible to lay down hard and fast a the observer must rely largely on his 
experience and clinical insight. 

The most important factor roy agnosis of these field changes is the recognition 
of inconsistencies in the PX: selves, and between them and the other features 


of the case. The history, nt f onset and course of the defects are often suggestive. 
Pronounced cions. SN o Y fields with normal optic discs and no loss of orientation 
is very suspicious. epression or blindness of one field, the other being intact 


when tested alon SS ted with depression extending into the paired portion of the 
binocular field, in N sence of an evident lesion or abnormality, is conclusive evidence 
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of the presence of functional disturbance though not exclusive of an organic defect 
in the blind eye. 

The use of the quantitative method can practically always be relied upon to clear 
up even the most doubtful case. The fields should be examined with perimeter and 
screen and. different sizes of test objects. Roenne (217) recommends a 10-mm. object 
at 300 mm. followed by a 67-mm. object at 2,000 mm. The visual angle is the same 
in each case, and in organic disease the corresponding fields cover approximately the 
same extent in degrees. Or a much smaller visual angle may be used with the peri- 
meter, 325, for example. Nevertheless the screen test nearly always gives a smaller 
field in functional cases, though sometimes, when the perimeter field is very small, 
the screen field—with a larger object, but the same or even a smaller visual angle 
—may be larger. Tubular fields are well demonstrated with the screen. Repetition 
of the test after a short interval to determine the constancy of the findings is of value, 
especially when temporal contraction, interlacing of the colour fields, multiple con- 
centric ring scotomata and the like have been elicited. On the second occasion 
the fields should be tested in the reverse order, so as to note the effect of testing 
one field upon the other. Contraction induced in this way is a valuable diagnostic 
sign. 

Steepness of the edge of the field in concentric contraction, the test object appearing 
suddenly or, if large, bit by bit as it crosses the boundary, should arouse suspicion that 
the defect is functional. 

If it is attempted in a case of functional contraction a out several isopters 
for white and colour so as to show the slope of the field, dfRculdy and inconsistency are 
always encountered, whereas the process is usually ea organic disease. 

When the patient professes almost complete ess the remnant of vision is 
always central, never peripheral, and the condity perficially resembles the severe 
stage of quinine poisoning. The history ar other signs of cinchonism make 
differentiation easy. Q 

Great care must be taken to avoid ary suggestion, while at the same time 
the skilful use of suggestion to alter Se ed may be most valuable. More difficulty 
is presented by cases in which a fytNonal element is associated with or has super- 
vened upon an organic lesion sych&$ injury or multiple sclerosis, and genuine field 

ported or new ones invented, but careful examination 


changes may be exaggerated e 


on the lines indicated wil le the observer to avoid misdiagnosis. Neglect to 
examine the fields thor, Wire by the quantitative method leads to inadequate demon- 
stration of the chara of the defects, and, therefore, to misinterpretation. The 
organic origin att to the so-called “ bitemporal contraction ”’ of pregnancy and 
to certain change nd in cases of nasal sinus disease may be regarded as instances 


and at, 4 © distances will often be found useful. The position of the blind spot 
mayaıKWlised (von Szily) for the detection of simulated unilateral blindness. If a 
testwdyect be placed on the blind spot of the seeing eye, both eyes being open, it can 


of the results GR omission. 
In Re malingering examination of the fields with different visual angles 
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only be seen there by the supposedly blind eye. The test should be conducted at such 
a distance, say 2 m., that the projection of the blind spot is large, and it is obvious that 
the co-operation of the patient, not to be relied upon in such cases, is essential in regard 
to steady fixation. The exposure of malingering is, however, no part of the legitimate 
business of perimetry, which, in this case, becomes merely another dodge of the 
examiner to entrap the ignorant and unwary. 
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I. Isopters in the Normal Field 
A. Tue FIELD ror WHITE 
Field in degrees. 
Oeo Son Angle in Object in Distance in 
2 Minutes. millimetres. | millimetres. 
Out. Down. In. Up. 
Traquair 0-86 1-0 4,000 8:3 7-7 8-6 55 
Roenne 1-0 1-25 4,000 10-0 8-0 6-0 4-0 
Walker 1-72 1-2 2,500 20 18 17 17 
Sinclair 1-72 1-0 2,000 26 25 26 24 
Hefftner 1-72 1:0 2,000 22 18 18 15 
Walker 2-1 1-2 2,000 30 26 25 24 
Roenne 2-1 2-5 4,000 10 13 15 11 
Walker 4-3 1-2 1,000 51 43 47 
Roenne 4-3 2-5 2,000 33 27 24 
Meisling 5-15 30 2,000 30 30 30 25 
Hefitner 5-15 30 2,000 32 xO 25 26 
Sinclair 5-15 3:0 2,000 FSi 30 25 
Igersheimer 6-9 2-0 1,000 48 3 39 36 
Roenne 86 5-0 2,000 7 X 51 50 5l 
Meisling 10-3 6-0 2,000 ©) 40 40 35 
Sinclair 10-3 6-0 2,000 40 40 35 
Traquair 10-3 1:0 330 TT 58 55 45 
Waldeck 11-46 1-0 300 70 55 55 51 
Walker 15-0 90 64 60 52 
Roenne 17-2 82 69 60 66 
Traquair 20-6 rok 65 57 50 
Waldeck 23-0 83 60 58 58 
Roenne 342 93 76 62 69 
Hefftner 34-4 70 55 56 50 
Hefftner 96 66 59 54 
Roenne 104 76 62 69 


228 APPENDIX 


THE isopters found for ige same or almost the same visual angle by different observers vary considerably. 
By making use of variations"In the relationship between the size of the test object and its distance from the 
eye the same angle may be obtained in several different ways, and each writer has used his own method. 
The Table on p. 227 shows the angle, the object and distance used, and the resulting field. The figures are 
arranged in groups corresponding to visual angles of somewhat similar size ; those given for Waldeck, who 
used square objects, are averaged from his findings. 

An examination of these data shows that, as a rule, where different observers have used similar visual 
angles, the diameter of the test object and its distance from the eye being approximately the same in each 
case, the results obtained agree fairly closely. On the other hand, where the same visual angle has been 
obtained by larger or smaller objects associated in each case with the appropriate longer or shorter distance 
the field is larger for the shorter distance. For example, sœ gives practically the same angle as ;4,, yet 
the field for the latter is considerably larger ; the field for „42; is larger than that for ,24,, and soon. This 
relationship, however, only holds good for the smaller visual angles, and is more noticeable the more the 
angle becomes reduced, 7.e., the more difficult the object is to see. On this ground, it may be regarded 
as due to the reduction of illumination which occurs when the distance is increased and which is evidently 
insufficient to produce much effect except in the case of small objects. No doubt it is this quality of 
the screen examination at 2,000 mm. which helps to make it an efficient test in, for example, retinal 
detachment. 


B. Tue FIELD FOR COLOURS 


The isopters for colours given in the Table on p. 10 represent averages from six subjects, three male 
and three female, examined in ordinary winter daylight with colours of the type commonly obtainable in 
aper. 
a2 For the most part, the mean in each case lay nearer the smaller than the larger of the extremes, so that 
the figures given represent a high rather than a low estimate. The difference between the extremes was 
often great, especially when the test was difficult, as with small visual angles in red and green. With 
the larger angles the findings often lay very close together. This is a reflax of the difficulty experienced 
by the subject in giving what is considered to be an accurate resp and every perimetrist should 
have his own field tested with small visual angles in colour, Owe to appreciate the patient’s 
position. 

A few control tests carried out with blinds drawn or in the 
very small visual angles individual differences were much 
variations in illumination such as are commonly met with. t*too bright light proved more satisfactory 
and made the examination easier, as with strong light green objects, moved centripetally, took 
longer to appear coloured. This again affected the s angles more especially, and the colour, green, 
whose white value was too high. The nite oboe S} or white between the distance of the test object 


n showed that except in the case of 
ethan any that could be attributed to 


and the size of the field in the case of white obje t present for colours except on the temporal side 
of the field, where a much larger field was qbtai t the shorter distance, the visual angles used being 
approximately equal in each case. For exam%, 335 (angle 20-8’) gave a field for each colour nearly equal 
to, in some meridians smaller than, that fo © 9 (angle 17-2’) except on the temporal side, and even here 
the difference was greatly reduced in (1 fred and green. This suggests that, in this case, the increase 


in illumination produced by reducin istance is responsible for the small fields at the short radius by 
rendering the hue less distinct thro ecentuation of the white element. It was also noticed that a dark 
glass increased the field for gree small visual angles at 330 mm. More research is required in con- 
nection with the isopters white and colours, but the conclusion seems clear that with the 
ordinary tests, both whit coloured, and in the usual circumstances of the consulting-room or 
hospital clinic, we ar AX tiea to assume that equal visual angles give more than approximately 
equal fields. 

All the subjects that as the object travelled from periphery to centre it became coloured, lost 
its colour, then refined it, the hue increasing in intensity up to the fixation point—that is to say, for each 
colour and for oe of object there was a ring scotoma at the periphery of the field for that visual angle. 
The figures a hun. taken from the point of permanent appearance of the colour. It is possible that 
an exagge egree of this functional ring scotoma may be the underlying factor in connection with some 

ted forms of peripheral ring scotoma. 


of th 8 f 
A ei, the data found by some other observers may be quoted here. The following figures 


are hg various sources :— 


€ 
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Observer Angle, | Object a | Blue | | Red 2 Green 
: gle. | (mm.) Er ‘ 5 4 
W | 
Out.| Down. | In. | Up. | Out. | Down. | In. | Up. | Out. | Down. | In. | Up. 
Peter : 102061 5 |330?|165 | 48 | 39 | 39|1|40 | 30 |25 | 26 | 30 | 25 19%) 18 
Hirschberg ; E 10 .. | 62) 54 A2 40/52] 47 | 32 28| 32| 23 |20 | 20 
de Schweinitz . | 2° ? 10° | 300 |80 | 58 | 45 | 40] 65) 45 30 | 83 | 50 | 30 | 25 | 27 
Landolt . 5 T 10? oz 907. 70156 156 ‘84 | 56° | 37° [38 1787) 49 27 | 3 
Baas R 5 nn 20? ot 84 | 62. | 50) 48 | 75 | 50 | 40} 39 | 63} 43 | 33 | 32 
Roenne found the field for „2, red (114’) equal to or rather less than that for „49, white (17’), that 


is, nearly the full field. 

In the binocular field it was found that the figures were slightly larger for the paired portion but smaller, 
if anything, for the unpaired part for small white objects as well as for colour. It was found more difficult 
to detect colour at the temporal periphery if the eye not concerned was open than if it was shut. No 
evidence was found in support of “ binocular intensification ” in the sense indicated by Gowers, t.e., temporal 
enlargement of the field owing to the unstimulated eye being open. As regards the sexes the fields appeared 
to be very nearly equal. The figures for the females were rather higher at 2,000 mm., and those for the 
males at 330 mm., and no indication was found that one sex had larger colour fields than the other. 

Although examination with small visual angles in white can provide much of the information to be 
gained from colour testing, the latter is a useful clinical method and often of great service. Its value and 
reliability in the investigation of disease is much greater than can be estimated from a study of the results 
obtained under normal conditions. 

For information regarding “ physiologically pure” colours and the clinical results obtai x their 


99 


use, the papers by Engelking and Aulamo (4, 60-63) may be consulted. 


II. The Blind Spot 


1. POSITION AND DIMENSIONS & 


b Distance from Distance of Centre below al Horizontal 
ee Fixation Point. Horizontal. eter. » Diameter. 
Van der Hoeve . : 15° 33’ 47” 1° 40’ 41” 120 | 5° 42" 55” 
Peter ; : ; 15° 49’ 1° a (A x 7° 40’ 5° 28’ 
Sits ene te got 36" Eog O Tr | Doro 
2. THE AMBLY, ZONE 

This narrow marginal band of relative blir 4°) nding the blind spot was originally demon- 
strated by Bjerrum. Its width and intensity & gy": definitely established. Sinclair, using a 1 mm. 
white object at 2m. (V.A. = 1-7’) found this z e approximately 1° wide, and also demonstrable with 


and 4° to 3° of relative blindness for co Haycraft, who used colours of equal luminosity, found a 
much wider area of modified colour percep In this amblyopic zone he found that colours when moved 
centrifugally from the blind spot we ognised in the order blue, yellow and green, and lastly red, the 
same colours being perceived in theyre order when moved inwards at the periphery of the field. Thus 
the outer periphery of the field IN in this respect to the margin of the blind spot. Haycraft does 
not state the visual angles RA 

The writer’s HERE ree with those of Sinclair. Using the screen at 2 or 4 m., the blind spot 


colours. Van der Hoeve, using ee vis Kun) ‚found a zone of 4° to 4° of relative blindness for white, 
urs 


being first marked out 0 mm. or 20 mm. object, the amblyopic zone is easily demonstrated with a 


1mm. or 2 mm. ie ith these visual angles it is rarely wider than 1° except at the upper and lower 


Ke 


SV 


‘Close above and to 
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margins of the blind spot. The discrepancies found by various observers are attributable to the different 
methods of examination used. 


III. The Anatomical Relations of the Visual Pathway 


A brief survey of some anatomical features which influence the causation of field changes may prove 
convenient to the reader. 

As it enters the optic foramen the optic nerve is usually related to a posterior ethmoidal cell on its 
inner, or upper and inner side. In the canal the relationship is, as a rule, to the sphenoidal sinus of its own 
side, but may be very varied so that either or both sphenoidal sinuses may be concerned. An ethmo- 
sphenoidal or anterior sphenoidal cell may almost surround the optic canal. The canal may be formed of 
thick or thin bone, or merely membrane at some part, and its contact with the air cells may be very slight, 
or it may be practically embraced by one or more. 

Within the canal the membranes covering the nerve and the periosteum are closely bound together, 
and as the nerve emerges into the cranial cavity it passes abruptly from a state of fixation to one of mobility 
and is covered above by a horizontal sharp-edged fold of dura mater continuous with the edge of the 
tentorium. 

Above the intracranial part of the nerve is the frontal lobe, and below and externally lies the carotid 
trunk which is here acutely folded upon itself in an antero-posterior direction so that the upper part, 
passing backwards under the nerve, lies almost parallel to the lower part which passes forwards along 
the side of the pituitary body. From the anterior aspect of this bend the ophthalmic artery passes into 
the optic canal beneath the nerve, closely applied to it and within its dural sheath from which it emerges 
as it enters the orbit crossing over the nerve from without inwards. 

The carotid artery having passed backwards below the nerve from the optic foramen turns upwards 
at the outer side of the junction of the nerve and chiasma and divides into the anterior and middle cerebral 
branches. The two former cross above the nerves towards the median line and are connected by the 
anterior communicating artery. The posterior communicating branch passes from the carotid trunk 
before its division beneath the tracts to the posterior cerebral on each side, so that the chiasma and its 
limbs are embraced by the circle of Willis. Numerous variations and anomlies of the circle of Willis occur 
so that the results of morbid conditions of the vessels need not be ET e same, as the position of the 
branches and the efficiency of the collateral circulation may vary in dMleient’tases. 

From the posterior ends of the optic canals the optic nerves, g here transversely oval or rather 
pear-shaped in section with the rounded side inwards, slope ards, inwards, and upwards to the 
chiasma, where they meet at a comparatively acute angle. intracranial portion of the nerve varies 
greatly in length from about 4 mm. to 21 mm., averaging ., and the angle of junction with its fellow 
is wider when the nerve is short. The chiasma lies abov ehind the olivary eminence of the sphenoid, 
only rarely does its anterior border lie close to or in Bas aes chiasmatis. The body of the chiasma lies 
over the posterior half or two-thirds of the pit essa and is separated from the diaphragma sellæ 
by a vertical space of 5-to 10 mm., rarely less. posterior border extends usually slightly behind the 
level of the dorsum sellz, occasionally (4 p& cent” de Schweinitz) its whole body lies behind the fossa 


23 


and over and behind the dorsum sellæ. T therefore, a free triangular space in front of the chiasma, 
bounded in front by the sphenoid and late by the optic nerves, in which the anterior half or even more 
of the pituitary body is exposed, cov Cr. the diaphragma. Rising from the foramen in the posterior 
part of the diaphragma, the pituita pe arches upwards and backwards over the dorsum selle, passing 
into the infundibulum of the NS Kile. The infundibulum is in close contact with the lower posterior 
part of the chiasma which i A very acute angle. The chiasma lies in the anterior part of the 
cisterna basalis of the suba ne and forms the floor of the recessus of the third ventricle which 
extends almost to its 5 order, so that it is suspended in and surrounded by the cerebro-spinal 


oĝter side of the anterior angle of the chiasma lies the olfactory lobe and below 
its side is the cavernousinus with its contained nerves, of which the third lies below the outer edge of the 
chiasma beforei rs the sinus. Between the optic nerves the arachnoid is spread across like an apron, 
and is attach € tip of the temporal lobe and to the carotid artery at each side and to the frontal lobes 
anteriorly. sely surrounds the infundibulum and in the angle between this structure and the chiasma 
a RR € network of pia-arachnoid is found. The chiasma is thus surrounded by a membrane which 
to the brain and which becomes densely matted and thickened in inflammatory conditions, 


Nr 
imine of the tract lies free on all sides except the inner where it is attached to the outer wall 


fluid except at its p oo order. The relationship of the neighbouring arteries has been mentioned. 
e 
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of the third ventricle by a narrow band. As it passes outwards, backwards and a little upwards round the 
crus it rotates outwards slightly on its own axis so that the band connecting it to the brain substance 
comes to lie at first dorso-mesially and finally dorso-laterally, the free edge at first lateral becoming ventral 
(Roenne). The dorsal fasciculi are partially surrounded by the commissures of Meynert and Gudden, while 
the ventral bundles are free and covered by thin pia mater. 

Passing below the internal capsule and lentiform nucleus the tract soon becomes covered on its outer 
and under aspect by the amygdaloid nucleus, the uncus and the hippocampal gyrus of the temporal lobe, 
a relationship of interest in connection with tumours of this part. Beneath the optic thalamus it gives 
off a smaller mesial portion, while the larger lateral portion, which contains the visual fibres, passes to the 
external geniculate body and the pulvinar. 

The external geniculate body lies on the side of the crus on the ventro-lateral aspect of the pulvinar, 
having the hippocampal gyrus against its lower outer side. 

From the external geniculate body the fibres pass outwards into the retrolenticular part of the posterior 
limb of the internal capsule, where they lie behind the sensory fibres and internal to the auditory bundle, 
then downwards parallel to and curving round the lateral wall of the posterior horn of the ventricle, forming 
a compact bundle 5 to 10 mm. in height, and then turn backwards lying deeply in the white matter of the 
posterior part of the temporal lobe about the level of the second temporal convolution. Farther back this 
bundle lies along the latero-ventral angle of the posterior horn of the ventricle beneath which it extends 
to the occipital cortex. In the occipital lobe the visual fibres form a vertical sheaf, anteriorily about 
20 mm. in height and expanding posteriorly, the dorsal fibres passing to the upper and the ventral fibres 
to the lower lip of the calcarine fissure. The floor of the fissure receives both dorsal and ventral fibres and 
in the occipital pole the fibres spread out fan-like to the cortex. 

Henschen points out that the term optic radiation is often too loosely used. Only the ventral portion 
of the occipital marrow contains the centripetal visual fibres which lie in the outer of its three layers. 

The study of horizontal hemianopia following occipital wounds involving both sides has suggested 
(Holmes, Roenne) that the fibres related to the upper and lower retinal quadrants are separated in the 
radiations by an anatomical interval which contains the macular bundle. Cases recorded by other observers 
also lend support to this view. ` 


from that of Henschen, is given by Adolf Meyer (173, 174), and illustrated by diagrams which appe a regent paper by 
Cushing (40). Meyer divides the radiation into dorsal, lateral and ventral bundles. The dorso-latera ass directly 
to the occipital visual cortex, the ventral fibres are directed downwards and forwards into the uncina feag TOn of the temporal 
lobe, forming a détour or loop which passes over and round the anterior horn of the lateral = en turning sharply 


A description of the optic radiation, founded on pathological anatomical observations, differing i ken details 
le 


backwards along the inferior aspect of the ventricle to the anterior part of the inferior calgagyin@® cortex. The diagrams 
represent the most ventral fibres of this loop as extending forwards nearly to the tip of th®\yeMricular horn, to within a 
short distance of the level of the posterior margin of the chiasma. 

This description differs materially from that of Henschen in that it represents tI fibres as fanning out widely 
immediately they leave the external geniculate body to such an extent that they gay@aghe outer and inferior aspect of 
practically the whole of the lateral ventricle below the point where it turns downy N o the temporal and occipital lobes, 
whereas according to Henschen—and the hitherto generally accepted view—thfy {O¥nN@ relatively small compact bundle in 
the anterior part of their course. 

These ventral fibres correspond to the inferior retinal quadrants, a therefore, lesions of the anterior part of the 
temporal lobe, if sufficiently deep, imply a homonymous superior turen ianopia of the opposite side, the presumption 


being that the site of interference is in the temporal lobe, i.e., suprageni > Cushing has clearly and beautifully demon- 
strated the nature and quality of the homonymous hemianopia in tem lobe lesions, but the clinical evidence brought 
forward does not exclude a subgeniculate, i.e., tract, site of interfergffge, in fact, in several respects, it favours this explanation 
(Traquair, 266). B 


The cortical visual area occupies the floor an O calcarine fissure and the tip of the occipital 
pole extending probably only to a slight exter N he visible mesial surface of the occipital lobe. 
Recent research has established with pro ccuracy the projection of the retina upon the occipital 


cortex. 
The following are some of Holmes’ Go which he, however, does not regard as final :— 
“ (1) The upper half of each retina presented in the dorsal, and the lower in the ventral part of 
each visual area. 4 
“ (2) The centre for macular N tral vision lies in the most posterior part of the visual cortex, pro- 
bably on the margi on the lateral surfaces of the occipital poles. The macula has not a 
bilateral reprgs 5 
“ (3) The centre fo N subserved by the periphery of the retinæ is situated in the.anterior portions 
of the vista N , and the serial concentric zones of the retin® from the macula to the periphery 
are probab presented in this order from behind forwards in the visual cortex. 


ty 
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i “ (4) Those portions of the retinze adjoining their vertical axes are probably represented in the dorsal 
| and ventral margins of the visual areas, while the retina in the neighbourhood of its horizontal 
| axis is projected on to the walls and the floor of the calcarine fissure.” 


Wilbrand and Saenger, who believe the macula to have a bilateral cortical representation, place the macular centre not 
quite as far back as the tip of the occipital pole, the most posterior part of the visual area containing the centre upon which 
depends the macular sparing when the opposite visual centre is completely destroyed. The most anterior part represents 
the unpaired area at the temporal periphery of the field of the opposite eye. The radiations are arranged so that the fibres 
for the unpaired area, which form a separate bundle, lie innermost and those for the area of macular sparing outermost. 
Lenz believes that the two macular centres are connected by commissural fibres. 


It is believed by some observers that the most peripheral crossed fibres, t.e., those from the nasal 
periphery of the retina which correspond to the unpaired part of the temporal field, or temporal half- 
moon, form an isolated bundle throughout their course to the anterior part of the calcarine visual 
cortex. In the posterior part of the chiasma they occupy the outer edge, outside the uncrossed bundle, 
and thus theoretically enable a unilateral temporal field defect to arise from a lateral chiasmal interfer- 
ence. (Lenz. 327.) Confirmation of this view is required. 


There is still much difference of opinion among authorities on the whole question of the visual path, and the subject is 
too large and too complicated for discussion here. (See Lenz 327, Henschen 324—326, ete.). 


IV. The Sheath and Connective Tissue Framework of the Optic Nerve 


The optic nerve has dural, arachnoid, and pial sheaths. The dural sheath is continued forwards from 
the dura mater and blends with the sclera. The arachnoid is extremely thin and lies immediately 


beneath the dura. The pial sheath closely invests the nerve and gives off septa between the fibre bundles. 


The nerve lies loosely in the dural and arachnoid sheaths in the orbit, but is tightly embraced by them in 
the optic canal, but not so closely that fluid cannot pass along the sheath from the cranial cavity. 

A system of trabecule derived from the pial sheath divides the fibres into numerous small bundles and 
| carries in vessels. This framework is especially dense in the most vascular parts of the nerve, the anterior 
| orbital and the canalicular portions. In the intracranial portion the arrangement of the trabeculæ changes 
| and towards the chiasma a well-marked septum appears, passing obliquel m the dorsum of the nerve 
| 
| 
| 


downwards and inwards to or somewhat below the level of its centre ff a dorso-mesial group of 
4 bundles. This septum ceases in the anterior part of the chiasma in the trabecule also disappear. 
No trabecule are present in the tracts. 


uritis in the nerve as the trabeculee 
röle in the inflammatory process. 


Wilbrand and Saenger believe that this network predispose: 
| become thickened and compress the fibres which play only a pêsi 
i 


| V. The Blood Supply of t eal Nerve Path 


Only those features which have a bearing on Melts are referred to here. 

4 The pigment cells, rods and cones, and outer n&glegf layer of the retina are nourished by the choroidal 
vessels which are quite separate from the rethel voxel except where the two sets anastomose in the 

iH neighbourhood of the optic disc. The meshe e choroido-capillaris are especially close and regular in 

| the macular area to which, according to ra Ni Ye a special arterial twig is supplied. The posterior half 

| 

| 


q of the choroid is supplied by the short fffary arteries, the anterior half by the recurrent branches of the 
q long posterior and the anterior ciliargaMiofies. Posteriorly around the optic nerve entrance and at the 
| anterior peripheral part the arterią vA anastomose in the choroid, but the intermediate zone is prac- 
| 
| 
| 
| 


=; 


tically free from anastomoses, sen inferred from this that in certain pathological conditions the 
i circulation in the intermedia OO Ss more liable to failure than that in the anterior or posterior portion, 
| a view which forms the basis of the suggested explanations of the ring scotoma in retinits pigmentosa. 
| The retinal artery £n emerge from the centre of the physiological cup in the optic disc, where 

the artery usually bifutateg, though it may emerge as two or more branches. The superior and inferior 
| branches divide on gg neat the edge of the disc at its upper and lower poles leaving the sides, especially the 
| outer side, free. ® yon! arteries arch over and under the macular area while the nasal branches run 
[i radially towar 
N Small ty 
if those on«, 
| retina 


nporal side which pass towards the macula often emerge separately. Sometimes a cilio- 
derived, as a rule, from the scleral ciliary vessels, appears at the temporal edge of the papilla 


g and pag: wards the macular area. The arterial branches lie in the nerve fibre layer of the retina and give 
| N which form two capillary networks, one in the fibre and ganglion cell layers, the second in the 


a serrata. : 
m the trunks on the papilla are distributed to its surface and the neighbouring retina ; | 
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inner nuclear layer. These are connected by intervening capillaries and the inner network is connected with 
the arteries, the outer with the veins (Quain). As a rule no vessels penetrate to the outer molecular layer. 

The arteries do not anastomose, so that complete obstruction leads to ischemic necrosis of the nerve 
fibre and ganglion cell layers in the area of the blocked branch though the outer layers remain nourished by 
the choroid. At the ora serrata the capillaries are wider than elsewhere and the network simpler so that there 
is almost a direct flow from the arteries into the veins. The course of the arteries follows that of the nerve 
fibres, the superior and inferior temporal branches arching over and under the macula and sending twigs 
downwards and upwards towardsit. This arrangement is best seen by studying one’s own macular area in the 
dark room by means of an electric ophthalmoscope lamp applied to the lower eyelid. The boundary between 
the areas of these two vessels forms a somewhat wavy horizontal line from the temporal periphery of the 
retina often passing through the macula except where a special macular twig from the outer side of the 
papilla is present. The retinal capillary network is especially rich in the macular area where the thickened 
ganglion-cell layer is particularly vascular. At the fovea itself there is a gap in the network about half a 
millimetre in diameter, corresponding to the area in which the inner retinal layers are absent, so that the 
foveal cones, nourished by the choroid, are directly exposed to the light, their ganglion cells, dependent on 
the retinal system, being, as it were, pushed aside together with their capillaries. The superior and inferior 
arterial twigs which supply this perifoveal capillary network participate approximately equally so that a 
horizontal vascular raphé, already referred to, exists through the fovea, which accounts for the horizontal 
division of the fixation area frequently present in cases of obstruction of an arterial branch (Roenne 212). 

The optic nerve has an axial and a peripheral vascular system. The arteria centralis retine, a branch 
of the ophthalmic or of a ciliary artery, enters the dural sheath of the optic nerve on the under side about 
10 to 15 mm. behind the eyeball. It lies beneath the pial sheath for a short distance and gradually 
passes to the centre of the nerve in which it runs forwards to the retina after giving off a recurrent branch, 
not constant, which extends backwards nearly to the optic foramen. The central vein emerges somewhat 
nearer the eyeball and lies for a short distance between the sheaths before piercing the dura. It passes 
directly to the cavernous sinus or opens into the superior ophthalmic vein. In the foraminal portion the 
axis is again occupied by a small vein, which helps to drain the orbital portion of the nerve and, becoming 
superficial in the foramen, passes backwards to the cavernous sinus. The peripheral supply cogsists of a 
vascular network in the pial sheath, especially rich in the optic foramen, fed by twigs from th 
artery. From this network small vessels pass along the pial trabecule into the interior o nepve. In 
the intracranial portion the vessels, derived from the anterior cerebral and the circle of W3 
into the nerve with little or no anastomosis in the pia. Thus the anterior part of t 
central and a surface blood supply, while the posterior part depends upon the latter s only, and it may 
be noted that the axial system does not extend as far back as the part of the neryg Whith is closely related 
to the nasal sinuses. In the highly vascular foraminal portion the pial and dur s are united and the 
ophthalmic artery lies partly between the layers of the latter. 


According to Beauvieux and Ristich the central artery gives twigs,to he) ial sheath of the nerve in 
N 
Cy 


the lower portion of its orbital part, but gives no branches in the reg Rue lamina cribrosa, which is 
entirely supplied by the ciliary arteries. The central artery does pot&ya9tomose anywhere with arterial 
branches from other sources. x 

The chiasma receives branches from the internal carotid, | cerebral, and anterior and posterior 
communicating arteries which supply each side as far as the mid ne. The pial covering is slight except 
at the lower and posterior part where the dense vasculagPetwork which surrounds the infundibulum 
occupies the angle between the two structures. D ` 

pial anastomosis, derived from the posterior 
communicating artery in front and the anterior oho anch of the internal carotid behind. These 
arterial twigs enter its substance on its outer SN in the groove between it and the crus. 

Owing to the arrangement of the vessels i s probable that pressure on*the surface of the optic 
nerve, chiasma, or tract may disturb the futri of the underlying fibres by obstructing their vascular 
supply, and that conduction interference al ufimately optic atrophy may be initiated in this way, rather 
than by the effects of pressure on the fibres themselves. 

The external geniculate body i$ Coy by the posterior cerebral artery, and is, therefore, in this 
respect independent of the tract N en). Over the ganglion the entering vessels are more numerous 
and the pia mater more closely, ed than over the tract. The “ artery of cerebral hemorrhage,” a 


lentieulo-striate branch of \ idWle cerebral, is in this neighbourhood. 
I 


The tract is similarly supplied by small vessels, wi 


The posterior limb ernal capsule receives some twigs from the anterior choroid: the main 
supply of the optic radia® from the posterior cerebral artery, especially its calcarine branch. In the 


most posterior part the vist! white matter also receives penetrating twigs from the middle cerebral. 


aS 
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The visual cortex obtains its blood from the calcarine artery, and, at the occipital pole, from the middle 
cerebral also. Thus the macular centre lies on a “ frontier zone”’ between the territories of the posterior 
and middle cerebrals. The terminal branches of these two vessels anastomose in the pia mater where they 
form a rich arterial network which sends in twigs which are end arteries. These twigs are of two kinds, 
the long and the short, the former pass to the subcortical nerve fibres, the latter to the cortical layers, so 
that the nutrition of the grey matter is independent of that of the white. It is, therefore, possible for small 
isolated softenings affecting the subcortical white matter only to occur (Henschen). Charpy, in Poirier’s 
“ Anatomy,” points out that all cerebral arteries, having once entered the brain substance, are end arteries, 
but the importance of the territorial surface distribution is diminished by the presence of an anastomotic 
network in the pia mater covering the convolutions. This network is much less vascular over the white 
matter at the base of the brain. 

Similarly the veins are apparently end-veins, while they are in the brain substance, and do not anasto- 
mose. They open into the pial venous network whence the efferent veins, which communicate freely, pass 
to the various sinuses. Hence, thrombosis of the veins, if it occurs, would not be likely to produce the same 
results as arterial obstruction unless the thrombosis were sub-pial. 


VI. Uses of the Perimeter and Screen otherwise than in Field Testing 


In addition to the examination of the visual field, the perimeter can be used for other purposes, which 
are merely enumerated here, as they do not properly fall within the scope of this work. 

The perimeter may be used for the estimation of the angle of squint, and the angle between the visual 
and optic axes. 

The presence and amount of exophthalmos may be ascertained. 

In paralysis of ocular muscles the field of fixation may be measured on the perimeter and the diplopia 
may be studied on the screen. i 

TABLE I 


Tangents for the construction of tangent scales for use with Bjerrum’s screen. (Maddox 167.) 


Degrees. Tangents. Degrees. Tangents. 
1 0-01745 | 2) 0-4245 
2 0-03492 0-4452 
3 0-0524 & 0-4663 
4 0-0699 O 26 0-4877 
5 0-0874 27 0-5095 
6 0-1051 28 0-5317 
7 0-1228 29 0-5543 
8 0-1405 30 0:5773 
9 0-1584 K 31 0-6009 
10 0-1763 32 0-6249 
11 0-1944 O 33 0-6494 
12 0-2 34 0-6745 
13 Qy 35 0:7002 
14 3 36 0-7265 
15 479 37 0-7535 
16 N -2867 38 0-7813 
17 0-3057 39 0-8098 
18 O 0-3249 40 0-8390 
19 Q 0-3443 41 0-8693 
20 0:3640 42 0-9004 
21» © 0-3839 43 0-9325 
99, 


AX 0:4040 44 0:9657 
? C S table multiply the distance of the patient from the screen in millimetres (radius) by the 


N Thus, if the screen is used at 2,000 mm., 1° will be 0-01745 x 2,000 mm., from the fixation point, 
and n 
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The values of successive concentric circles at intervals of 10 cm. round the fixation point on the screen. 


| (Roenne 217.) 


Distance from fixation point. 
Centimetres. 


10 
20 
30 
40 


Screen at 1,000 mm. 


5° 43’ 
11719: 
16° 42’ 
21° 49’ 
26° 34’ 
30° 58’ 
34° 59’ 
38° 40’ 
41° 59’ 
45° 
47° 43’ 
50° 21’ 


Screen at 2,000 mm. 


2° 52’ 

5° 43’ 

8° 32’ 
111% 
14° 02’ 
16° 42’ 
197774 
21° 49’ 
24° 14’ 
26° 34’ 
28° 49’ 
30° 58’ 


The values for distances of 1,200, 2,400 and 2,270 mm. are also given in Roenne’s paper. 
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